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ABSTRACT
T h e  s i n g l e  c r y s t a l  Xr a y  d i f f r a c t i o n  s t r u c t u r e  o f  f o u r  
c o mp o u n d s  h a v e  b e e n  d e t e r m i n e d .
C r y s t a l s  o f  b i s (  (i -  a c e t a t o  -  0 : 0 ' )  -  b i s [ 4 *  -  n i t r o  -  
2 '  -  {2 -  p y r i d y l )  p h e n y l  -  N] d i p a l l a d i u m  ( I I ) ,  ( PdC^gH^Q Nj  
0 ^ ) 2 * a r e  m o n o c l i n i c ,  s p a c e  g r o u p  I  2 / c ,  w i t h  l a t t i c e  
c o n s t a n t s  : a = 1 4 . 3 0 0 ( 3 ) 1 ,  b = 9 . 9 3 9 ( 1 ) 1 ,  c= 1 8 . 8 2 2 ( 2 ) 1 ,  
p = 9 1 . 0 1 ( 3 ) ° .  The s t r u c t u r e  was  s o l v e d  by  t h e  h e a v y  a t o m  
t e c h n i q u e ,  a n d  f u l l - m a t r i x  l e a s t  s q u a r e s  r e f i n e m e n t  r e s u l t e d  
i n  a f i n a l  R - v a l u e  o f  0 . 0 2 9 ,  Rw = 0 . 0 5 0 ,  The  m o l e c u l e  h a s  a 
f o l d e d  c o n f o r m a t i o n  w i t h  P d  Pd = 2 . 8 2 2 ( 6 ) 1 ,
C r y s t a l s  o f  p s e u d o  p e n t a  -  0 -  a c e t y l  -  p -  D , L  -
G l u c o p y r a n o s e  a r e  m o n o c l i n i c ,  s p a c e  g r o u p  P 2 j / c ,  a =
1 1 . 5 80 ( 2 ) X , b = 8 . 2 7  6 ( 1 ) X , c = 2 2 . 0 3 1 ( 2 ) 1 ,  p = 104  . 3 3 ( 1 ) ° .  
The s t r u c t u r e  wa s  s o l v e d  by d i r e c t  m e t h o d s  a n d  r e f i n e d  t o  a 
f i n a l  R v a l u e  o f  0 . 0 4 9  a n d  Rw o f  0 . 0 5 4 .  The  p s e u d o - g l u c o s e  
r i n g  h a s  n e a r l y  a ^ Cj, c o n f o r m a t i o n  w i t h  0 ( 6 1 )  i n  t h e  gg 
p o s i t i o n .
B a [ ( P t x , ( C N ^ l M H j O  c r y s t a l l i z e s  i n  s p a c e
g r o u p  C2 / c  w i t h  l a t t i c e  c o n s t a n t s  : a = 1 2 . 2 0 9 ( 2 ) X ,  b =
1 3 . 7 5 2 ( 2 ) X ,  c = 6 . 6 3 8 ( 1 ) 1  a n d  p = 1 0 7 . 7 6 ( 1 ) ° .  The  d i s -  
o r d e r e d  s t r u c t u r e  c o n s i s t s  o f  c o l u m n s  o f  M(CN)^ g r o u p s  (M = 
P t  a n d  N i )  s t a c k e d  a l o n g  t h e  c. a x i s  w i t h  M-M d i s t a n c e  o f  
3 . 3 1 9 ( 1 ) 1 .  P l a n e s  o f  t h e s e  g r o u p s  a r e  t i l t e d  by 4 . 1 ( 1 ) °  
f r o m t h e  c a x i s .  The  CN l i g a n d s  a r e  f o u n d  t o  be  s t a g g e r e d  
w i t h  NC -  H -  M -  CN t o r s i o n  a n g l e s  r a n g i n g  f r o m  4 2 °  t o  4 8 ° .
2 +The Ba i o n  h a s  a t e n  f o l d  c o o r d i n a t i o n  o f  b i c a p p e d  s q u a r e  
a n t i p r i s m a t i c  g e o m e t r y .  The  c r y s t a l  s t r u c t u r e  r e f i n e d  t o  
R = 0 . 0 4 6 9 ,  Rw = 0 . 0 6 9 9 ,  a n d  X = 0 . 5 9 .
2 , 5  -  a n h y d r o  -  ( 1 , 3 , 4 , 6  -  0 -  -  D -  M a n n i t o l
c r y s t a l l i z e s  i n  s p a c e  g r o u p  P 2 ^ 2 ^ 2 j  w i t h  a = 7 . 8 7 6 ( 1 ) 1 ,  b = 
8 . 5 6 1 ( 1 ) 1 ,  c = 1 1 . 4 4 3 ( 1 ) 1 .  The m o l e c u l e  d o e s  n o t  h a v e  t h e  
e x p e c t e d  Cj  s y m m e t r y :  t h e  r i n g  C -  0 b o n d s  a r e  u n e q u a l  i n
l e n g t h ,  a n d  t h e  c o n f o r m a t i o n  i s  s l i g h t l y  d i s t o r t e d  f r o m  t h e  





" P u r s u i t  o f  t h e  d e t a i l s  o f  m o l e c u l a r  s t r u c t u r e  a n d  
m o l e c u l a r  e n v i r o n m e n t  i s  t h e  o c c u p a t i o n  o f  a l l  c h e m i s t s  p a r t  
o f  t h e  t i m e  a n d  p a r t  o f  t h e  c h e m i s t s  a l l  o f  t h e  t i m e , "  s a i d  
p r o f e s s o r  J . B .  W e r t z .  The  i m p o r t a n c e  o f  k n o w i n g  t h e  s h a p e s  
a n d  s i z e s  o f  m o l e c u l e s  h a v e  b e e n  s t r e s s e d  t i m e  a f t e r  t i m e  a s  
a m e a n s  o f  u n d e r s t a n d i n g  t h e i r  c h e m i c a l  a n d  p h y s i c a l  p r o p e r ­
t i e s .
C r y s t a l  a n d  m o l e c u l a r  s t r u c t u r e  d e t e r m i n a t i o n  by X - r a y
d i f f r a c t i o n  h a s  e v o l v e d  i n  t h e  p a s t  70 y e a r s  i n t o  t h e  m o s t
p o w e r f u l  t e c h n i q u e ;  i t  y i e l d s  f i n e  d e t a i l  a b o u t  t h e  s t r u c t u r e
o f  c h e m i c a l  c o m p o u n d s  i n  t h e  s o l i d  s t a t e .  The e x p e r i m e n t a l
d e t a i l s  o f  s i n g l e  c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n  e m p l o y e d  i n
1 2t h i s  w o r k  h a v e  b e e n  d i s c u s s e d  i n  n u m e r o u s  t e x t s . '
The d e t e r m i n a t i o n  o f  a s i n g l e  c r y s t a l  s t r u c t u r e  n o r m a l l y  
p r o c e e d s  i n  f o u r  d i s t i n c t  s t a g e s :
The  f i r s t  i s  t h e  m e a s u r e m e n t  o f  I ,  t h e  i n t e n s i t y  o f  e a c h  
d i f f r a c t i o n  m a x i m a  ( f o r  a d e t a i l e d  d i s c u s s i o n  o f  i n t e n s i t y  
d a t a  c o l l e c t i o n ,  c o n s u l t  r e f e r e n c e  1 1 ) ,  a n d  t h e  c a l c u l a t i o n  
o f  a s t r u c t u r e  a m p l i t u d e .  T h i s  s t e p  u s u a l l y  f o l l o w s  t h e  
c h o i c e  o f  a s u i t a b l e  s i n g l e  c r y s t a l .  The  s t r u c t u r e  a m p l i ­
t u d e s ,  o r  s t r u c t u r e  f a c t o r s  I f o j , s I , a r e  p r o p o r t i o n a l  t o  
I ,  a n d  m u s t  be  r e d u c e d  t o  a common s c a l e  a n d  c o r r e c t e d  f o r  
v a r i o u s  p h y s i c a l  a n d  g e o m e t r i c a l  f a c t o r s .
The s e c o n d  s t a g e  r e q u i r e s  t h e  s o l u t i o n  o f  t h e  p h a s e  
p r o b l e m .  T h e  p h a s e s  o f  r e f l e c t i o n s  c a n n o t  b e  m e a s u r e d
e x p e r i m e n t a l l y  b u t  m u s t  b e  k n o w n  f o r  t h e  s t r u c t u r e  t o  be
3 4s o l v e d .  D i r e c t  m e t h o d s  ' a n d  t h e  h e a v y  a t om ( P a t t e r s o n )
m e t h o d ^  a r e  t wo t e c h n i q u e s  u s e d  t o  a s s i g n  p h a s e s  t o  s t r u c ­
t u r a l  a m p l i t u d e s .
T h e  t h i r d  s t a g e  c o n s i s t s  o f  t h e  r e f i n e m e n t  o f  a l l  a t o m i c  
p o s i t i o n s  i n  o r d e r  t o  o b t a i n  t h e  b e s t  p o s s i b l e  a g r e e m e n t  
b e t w e e n  t h e  o b s e r v e d  s t r u c t u r e  f a c t o r s  a n d  c a l c u l a t e d  
s t r u c t u r e  f a c t o r s .  S t r u c t u r e  f a c t o r s  a r e  c a l c u l a t e d  f r o m  t h e  
a t o m i c  p o s i t i o n s  a c c o r d i n g  t o :
^  f j  e x p .  [ 2 n i  ( h i j  + k y j  + l Z j ) l  
w h e r e  X . ,  Y- a n d  Z ,  a r e  t h e  f r a c t i o n a l  c o o r d i n a t e s  o f
J  J  J
i.
t h e  j  a t o m i n  t h e  u n i t  c e l l *  a n d  f .  i s  t h e  a t o m i c  s c a t t e r -
J
i n g  f a c t o r  o f  t h e  a t o m .
Th e  f o u r t h  s t a g e  i n v o l v e s  g e o m e t r i c a l  c a l c u l a t i o n s  u s i n g  
t h e  p o s i t i o n a l  p a r a m e t e r s  o f  a l l  a t o m s  i n  t h e  s t r u c t u r e .  
B o n d  l e n g t h s ,  b o n d  a n g l e s ,  t o r s i o n  a n g l e s ,  p l a n a r i t y  o f  
g r o u p s  o f  a t o m s ,  a l o n g  w i t h  t h e i r  e s t i m a t e d  s t a n d a r d  d e v i a ­
t i o n s  a r e  c a l c u l a t e d .  A d d i t i o n a l l y ,  t h e  m o l e c u l a r  s t r u c t u r e
f* 7i s  d r a w  u s i n g  c o m p u t e r  p r o g r a m s  l i k e  P l u t o  o r  O r t e p  . 
P a c k i n g  d i a g r a m s  a r e  a l s o  d r a w n  t o  g a i n  i n f o r m a t i o n  a b o u t  t h e  
s t a c k i n g  o f  m o l e c u l e s  i n  t h e  s o l i d  s t a t e .
T h e  p r e s e n t  w o r k  d e a l s  w i t h  t h e  c r y s t a l  s t r u c t u r e  
d e t e r m i n a t i o n s  o f  f o u r  c o m p o u n d s  w h i c h  v a r y  f r o m t r a n s i t i o n  
m e t a l  o r g a n o m e t a l 1 i c  t o  o r g a n i c  i n o r g a n i c  i n  n a t u r e .
B i s  ( (i -  a c e t a t o  -  0 : O ’ ) -  b i s [ 4 ’ -  n i t r o  -  2 '  -  ( 2  -  
p y r i d y l )  p h e n y l  -  N]  d i p a l l a d i u m  ( I I ) ,  ( P d C ^ g q N j O 4 ) 2 * 
i s  a p r o d u c t  o f  c y c 1 o p a 11  a d a t i o n  r e a c t i o n  c a r r i e d  o u t  b y  
Dr .  J .  S e l b i n  a n d  h i s  g r o u p  ( c h e m i s t r y  d e p t . ,  L o u i s i a n a  S t a t e  
U n i v . ,  B a t o n  R o u g e ) .  T h e i r  w o r k  i n v o l v e d  t h e  c h a r a c t e r i z e -
4
t i o n  o f  l i g a n d s  a n d  t h e i r  s u b s t i t u e n t s  i n  c y c l o m e t a l l a t i o n  
r e a c t i o n s .
P s e u d o  p e n t a  -  0 -  a c e t y l  -  0 -  D,  L -  G l u c o p y r a n o s e  w a s  
p r o v i d e d  by  D r .  E.  S.  Y o u n a t h a n  ( d e p a r t m e n t  o f  b i o c h e m i s t r y ,  
L . S . D . ,  B a t o n  R o u g e ) .  A l t h o u g h  p o s s e s s i n g  a c y c l o h e x a n y l  
r i n g ,  t h i s  c o m p o u n d  i s  r e g a r d e d  a s  a c a r b o c y c l i c  a n a l o g u e  o f  
g 1 u c o p y r a n o s e  . I n  t h i s  c o m p o u n d ,  t h e  r i n g  o x y g e n  w a s  
r e p l a c e d  b y  a CH2 g r o u p .  I n  c o n t r a s t  t o  t h e  p a r e n t  c o m p o u n d ,  
t h e  a n a l o g u e  s h o w e d  no a c t i v i t y  w i t h  ATP o r  g l u c o s e  o x i d a s e .  
The  c r y s t a l  s t r u c t u r e  w a s  d e t e r m i n e d  t o  s t u d y  m a i n l y  t h e  r i n g  
c o n f o r m a t i o n  a n d  i n v e s t i g a t e  g e o m e t r i c a l  c h a n g e s  c a u s e d  b y  
t h e  r i n g  o x y g e n  r e p l a c e m e n t .
B a [ ( P t x , N i ^ _ ^ )  ( CN) 4 ] . 4 H 2 0 wa s  p r o v i d e d  by  Dr .  R . L .
M u s s e l m a n  ( D e p a r t m e n t  o f  C h e m i s t r y ,  P r i n c i p i a  C o l l e g e ,  E p s a h ,  
I l l i n o i s ) .  Te t r a  cy  anome t a l  1 a t e  s (M = N i ,  Pd o r  P t )  i n  t h e  
s o l i d  s t a t e  p o s s e s s  i n t e n s e  d i c h r o i c  a b s o r p t i o n  s p e c t r a  t h a t  
h a v e  no  c o u n t e r p a r t  i n  c o r r e s p o n d i n g  l i q u i d  s o l u t i o n s .  T h i s  
i n t e r e s t i n g  c h a r a c t e r i s t i c  i s  t h e  r e s u l t  o f  m e t a l  o r b i t a l  
i n t e r a c t i o n  w h i c h  a l l o w s  f o r  e l e c t r o n  d e l o c a l i z a t i o n  a l o n g  
c o l u m n s  o f  s t a c k e d  M( CN) 4 ~ g r o u p s .  The  s t r u c t u r a l  f e a t u r e s  
o f  t h i s  p a r t i c u l a r  m i x e d  m e t a l  c o m p o u n d ,  w h e n  c o r r e l a t e d  w i t h  
i t s  s p e c t r a l  p r o p e r t i e s  ( t o  b e  m e a s u r e d  by  D r .  M u s s e l m a n )  
w i l l ,  h o p e f u l l y ,  p r o v i d e  b e t t e r  u n d e r s t a n d i n g  o f  t h e  n a t u r e  
o f  t h e  s o l i d  s t a t e  e f f e c t s .
2 , 5  -  A n h y d r o  -  ( 1 ,  3 ,  4 ,  6 -  0 ~  ) -  D -  M a n n i t o l
wa s  a l s o  p r o v i d e d  b y  Dr .  E.  S.  Y o u n a t h a n .  T h i s  c o m p o u n d  i s  
a s i m p l e  d e r i v a t i v e  o f  2 . 5  -  A n h y d r o  -  D -  M a n n i t o l  f o r m e d  b y
5
r e p l a c i n g  t h e  h y d r o x y l  h y d r o g e n  a t o m s  w i t h  d e u t e r i u m .  T h e
s t r u c t u r e  o f  t h e  p a r e n t  c o m p o u n d  i n  t h e  s o l i d  s t a t e  w a s
5  3d e t e r m i n e d  p r e v i o u s l y  . C o n t r a r y  t o  i t s  s t r u c t u r e  i n  t h e  
l i q u i d  s t a t e ,  i t  d o e s  n o t  p o s s e s s  C2 s y m m e t r y  o r  a p e r f e c t  
c o n f o r m a t i o n .  The  c r y s t a l  s t r u c t u r e  o f  t h e  d e u t e r a t e d  
c o mp o u n d  wa s  f o u n d  t o  d i f f e r e  i n s i g n i f i c a n t l y  f r o m  t h e  p a r e n t  
a n d  i s  t h e r e f o r e  p r e s e n t e d  i n  a p p e n d i x  A.  I t  wa s  d e t e r m i n e d  
i n  a n  a t t e m p t  t o  c l a r i f y  t h e  e x i s t e n c e  o f  h y d r o g e n  b o n d i n g  
t h a t  wa s  b e l i e v e d  t o  be  t h e  r e a s o n  b e h i n d  t h e  d i s t o r t i o n  o f  
t h e  p a r e n t  c o mp o u n d  i n  t h e  s o l i d  s t a t e .
(P d
CHAPTER II




C y c l o m e t a l a t i o n  r e a c t i o n s ,  a l s o  k n o w n  a s  o r t h o m e t a l a -  
t i o n ,  a r e  i n t r a m o l e c u l a r  r e a c t i o n s  i n  w h i c h  a C-H b o n d  b r e a k s  
a n d  a n  H- C b o n d  f o r m s  w h e n  a l k y l  o r  a r y l  g r o u p s  a r e  a t t a c h e d  
t o  a c o o r d i n a t e d  n i t r o g e n  o r  p h o s p h o r o u s  l i g a n d .  A l a r g e  
n u m b e r  o f  s u c h  r e a c t i o n s  h a v e  b e e n  c o n d u c t e d  r e c e n t l y  a n d
Q _ Q
ma ny  r e v i e w  p a p e r s  h a v e  a p p e a r e d  i n  t h e  l i t e r a t u r e  . Mo s t  
o f  t h e  w o r k  d o n e  i n  t h i s  a r e a  i n v o l v e s  P d ( I I )  c o m p l e x e s  i n  
w h i c h  t h e  Pd a t o m  i s  b o n d e d  t o  t r i p h e n y l p h o s p h i n e s ,  t r i p h e n y -  
l p h o s p h i t e s  o r  s u b s t i t u t e d  a r y l  p y r i d i n e s .  I n  g e n e r a l ,  t h e s e  
m e t a l  c o m p l e x e s ,  t h e i r  l i g a n d s ,  t h e  e f f e c t  o f  l i g a n d  s u b s t i ­
t u e n t s ,  a n d  t h e  i d e n t i t y  o f  t h o s e  c o o r d i n a t e d  e l e m e n t s  w h i c h  
e n h a n c e  c y c 1 o n e t a  1 a t i o n  r e a c t i o n s  a r e  a l l  w e l l  c h a r a c t e r ­
i z e d .
X - r a y  d i f f r a c t i o n  i s  u s e d  t o  c o n f i r m  t h e  s t r u c t u r e s  o f  
t h e s e  c o m p o u n d s .  The  d i s c u s s i o n  i n  t h e  f o l l o w i n g  c h a p t e r  
d e a l s  w i t h  t h e  s t r u c t u r e  d e t e r m i n a t i o n  o f  b i s ( f i  -  a c e t a t o  -
0 : 0 ' )  -  b i s [ 4 ’ -  n i t r o  -  2 ' ( 2  -  p y r i d y l )  p h e n y l  -  N] d i p a l ­
l a d i u m  ( I I )  ( f i g .  2 . 1 ) .
C u r r e n t  i n t e r e s t  i n  t h i s  c o mp o u n d  l i e s  i n  t h e  c h a r a c ­
t e r i z a t i o n  o f  t h e  m e t a l - m e t a l  i n t e r a c t i o n  i n  t h e  s o l i d  
s t a t e .  S p e c i f i c a l l y ,  d o e s  t h e  c o n f o r m a t i o n  i m p l y  t h e
e x i s t e n c e  o f  a Pd -  Pd b o n d ?




A r e d - o r a n g e  c r y s t a l  o f  b i s  ( p - a  ce  t  a t o - 0  : 0 ' ) - b  i  s [ 4 '  
- n i t r 0 - 2 ' - ( 2 - p y r i d y  1)  p h e n y l - N ]  d i p a l l a d i u m  ( I I ) ,  ( c o m p o u n d  
I ) ,  w a s  p r o v i d e d  by  D r .  J .  S e l b i n  a n d  M. A.  G u t i e r r e z .  T h e  
c r y s t a l  w a s  m o u n t e d  i n  a i r  on  a g l a s s  f i b e r  a n d  i n  r a n d o m  
o r i e n t a t i o n  on  a n  E n r a f - N o n i u s  CAD4 a u t o m a t e d  d i f f r a c t o m e t e r  
e q u i p p e d  w i t h  a g r a p h i t e  m o n o c h r o m a t o r .  A l l  c r y s t a 1 1 o g r a p h i c  
d a t a  a r e  l i s t e d  i n  t a b l e  2 . 1 .
O n l y  e i g h t  r e f l e c t i o n s  w e r e  l o c a t e d  b y  p r o g r a m  SEARCH^-® 
a t  a n g l e s ,  t h e t a  = 1 0 ° ,  c h i  = 2 0 ° ,  a n d  p h i  = 1 8 0 ° .  Ch i  w a s  
t h e n  c h a n g e d  t o  4 5 °  a n d  t h e  p r o g r a m  s u c c e s s f u l l y  l o c a t e d  a n d  
c e n t e r e d  22 r e f l e c t i o n s .  T h e s e  r e f l e c t i o n s ,  w h e n  u s e d  i n
11 1 Op r o g r a m  INDEXA , g a v e  a t r i c l i n i c  u n i t  c e l l ,  b u t  t h e  N i g g l i Xi  
m a t r i x  w a s  s u g g e s t i v e  o f  a h i g h e r  s y m m e t r y  l a t t i c e .  U p o n  
u s i n g  t h e  s i x  p a r a m e t e r s  o f  t h i s  u n i t  c e l l  a l o n g  w i t h  t h e i r  
s t a n d a r d  d e v i a t i o n s  i n  p r o g r a m  TRACER^®,  w h i c h  l o o k s  f o r  a 
h i g h e r  s y m m e t r y  u n i t  c e l l ,  t h e  r e s u l t  w a s  a b o d y - c e n t e r e d  
m o n o c l i n i c  u n i t  c e l l  w i t h  p = 9 1 . 0 1 ( 1 ) 9
A r a p i d  s u r v e y  o f  170  h i g h  a n g l e  ( 0 = 2 0 °  t o  2 0 . 5 ° )
r e f l e c t i o n s  p r o d u c e d  a s e t  o f  t h e  25  s t r o n g e s t  r e f l e c t i o n s  
w h i c h  w e r e  u s e d  t o  r e - i n d e x  t h e  l a t t i c e  a n d  d e t e r m i n e  t h e  
f i n a l  v a l u e s  o f  t h e  c e l l  d i m e n s i o n s .  T h i s  s c a n  a l s o  c o n ­
f i r m e d  t h e  b o d y  c e n t e r e d  m o n o c l i n i c  s y m m e t r y  b y  t h e  a b s e n c e  
o f  a l l  r e f l e c t i o n s  f o r  w h i c h  h + k + 1 i s  o d d ,  a n d  t h e
e q u i v a l e n c e  o f  h k l ,  h k l  a n d  h k l  d a t a .
D u r i n g  d a t a  c o l l e c t i o n ,  r e f l e c t i o n s  h + k + 1 = o dd  w e r e  
n o t  c o l l e c t e d .  R e f l e c t i o n s  ( 6 0 0 ) ,  ( 0 2 0 )  a n d  ( 0 0 6 )  w e r e
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CRYSTAL DATA
F o i n n l a
F o r m u l a  W e i g h t  
C r y s t a l  s i z e  (mm) 
C r y s t a l  s y s t e m  
S p a c e  g r o u p  
Dc (g c m" 3 ) 
Z ( m o l e c u l e s / c e l l )
a  ( A)  
b  ( A)  
c ( A)
P ( ° )
X (Mo -  Ka ) ( A)
D a t a  C o l l e c t i o n  
I n t e n s i t i e s  : m e a s u r e d  
I  > 3 a ( I )  
p(Mo -  E q ) ( cm- 3") 
Mi n i mum t r a n s m i s s i o n  
V a r i a b l e s  
R
Rw
<»d C1 3 EK > W  
729  . 3
0 . 1 2  x 0 . 2 0  x 0 
m o n o c l i n i  c 
I  2 /  c a 
1 .8 1 1  
4
1 4 . 3 0 0 ( 3 )
9 . 9 3 9 ( 1 )
1 8 . 8 2 2 ( 2 )
9 1 . 0 1 ( 1 )
0 . 7 1 0 6 9  
w /  20  
2 0 4 8  
1 6 4 4  
13 . 8  
9 1 .  5%
186
0 . 0 2 8 9
0 . 0 5 0
T a b l e  2 . 1  c r y s t a l  d a t a  o f  I .
a _ S p a c e  g r o u p  I  2 / c  i s  a n  a l t e r n a t e  s e t t i n g  o f  C 
w i t h  g e n e r a l  e q u i v a l e n t  p o s i t i o n s  ( 0 . 0 . 0 . :  1 / 2 . 1 / 2 . 1 / 2 ) 
y , z ; x ,  y , ~ z j  x + 1 / 2 , y ,  z ; x ,  y + 1 / 2 , z + 1 / 2 .
2
. 3 2
2 / c ,  
+ x .
II
m e a s u r e d  r e p e a t e d l y  t h r o u g h o u t  d a t a  c o l l e c t i o n  f o r  i n t e n s i t y  
c o n t r o l  p u r p o s e s  a n d  c r y s t a l  d e c a y  d e t e c t i o n .  R e f l e c t i o n  
( 6 0 0 )  w a s  a l s o  u s e d  f o r  o r i e n t a t i o n  c o n t r o l .  A f t e r  d a t a  
c o l l e c t i o n  w a s  c o m p l e t e d ,  t h e  i n t e n s i t i e s  o f  t h r e e  r e f l e c ­
t i o n s  [ ( 6 0 0 ) ,  ( 4 0 0 )  a n d  ( 1 0  0 0 ) ]  n e a r  C h i  = 9 0 °  w e r e  m e a s u r e d
u s i n g  i n c r e m e n t a l  Ch i  v a l u e s  o f  1 0 ° .  T h e s e  r e f l e c t i o n s  w e r e  
u s e d  f o r  e m p i r i c a l  ( P s i - s c a n )  a b s o r p t i o n  c o r r e c t i o n .  The  r a w 
d a t a  w e r e  r e d u c e d  a n d  m e r g e d  b y  t h e  S H E L X ^  p r o g r a m  p a c k a g e .
A t o t a l  o f  2 0 4 8  r e f l e c t i o n s  w e r e  m e a s u r e d ,  o f  w h i c h  1644  
w e r e  g r e a t e r  t h a n  3 < r ( I ) ,  u s i n g  Mo -  Ka r a d i a t i o n  i n  t h e  r a n g e  
o f  1°  < 2 0  < 2 5 ° .  A l l  r e f l e c t i o n s  m e a s u r e d  a r e  i n  t h e  h ,  +
k ,  ± 1 q u a d r a n t .
P r o g r a m  CLA SSIFY *^ s o r t e d  t h e  i n t e n s i t y  d a t a  a c c o r d i n g  
t o  p a r i t y  g r o u p s .  The  r e s u l t  r e v e a l e d  t h e  a b s e n c e  o f  a l l  
r e f l e c t i o n s  ( h o i )  i n  w h i c h  1 i s  o d d .  T h i s  i s  i n d i c a t i v e  o f  a 
g l i d e  p l a n e  a l o n g  t h e  c d i r e c t i o n .  T h i s ,  i n  a d d i t i o n  t o  a 
b o d y - c e n t e r e d  m o n o c l i n i c  u n i t  c e l l ,  i d e n t i f i e s  t h e  s p a c e  
g r o u p  a s  I 2 / c ,  a n  a l t e r n a t e  s e t t i n g  f o r  C 2 / c .
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STRUCTURE SOLUTION AND REFINEMENT
T h e  s t r u c t u r e  wa s  s o l v e d  by t h e  h e a v y  a t o m t e c h n i q u e ^  
( P a t t e r s o n ) .  The  P a t t e r s o n  map r e v e a l e d  t h e  p o s i t i o n  o f  t h e  
o n e  i n d e p e n d e n t  p a l l a d i u m  a t o m  i n  t h e  a s y m m e t r i c  u n i t .  
S t r u c t u r e  f a c t o r s  c a l c u l a t e d  u s i n g  t h i s  p a l l a d i u m  p o s i t i o n  
a l o n e  y i e l d e d  a n  R - v a l u e  o f  0 . 4 3 4 3 .  T h i s  R - v a l u e  i s  n o t  
n e c e s s a r i l y  t o o  l a r g e  s i n c e  t h e  p e r c e n t a g e  o f  e l e c t r o n s  u s e d  
( o n e  p a l l a d i u m  a t o m p e r  a s y m m e t r i c  u n i t )  i n  t h i s  c a l c u l a t i o n  
i s  44%.  A d i f f e r e n c e  f o u r i e r  map r e v e a l e d  t h e  p o s i t i o n s  o f  
a l l  t h e  n o n - h y d r o g e n  a t o m s  i n  t h e  a s y m m e t r i c  u n i t .
A f t e r  t wo c y c l e s  o f  l e a s t  s q u a r e s  t h e  R - v a l u e  i m p r o v e d  
t o  0 . 0 5 7 8  and  a l l  h y d r o g e n  a t o m s  ( e x c e p t  t h o s e  o f  t h e  m e t h y l  
g r o u p  o f  t h e  b r i d g i n g  a c e t a t e  g r o u p )  w e r e  s u c c e s s f u l l y  
l o c a t e d  f r o m  a d i f f e r e n c e  f o u r i e r  ma p .  The  p o s i t i o n s  o f  t h e  
t h r e e  m e t h y l  h y d r o g e n  a t o m s  w e r e  c a l c u l a t e d  a s s u m i n g  SP^ 
h y b r i d i z a t i o n .
At  t h i s  s t a g e ,  a l l  n o n - h y d r o g e n  a t o m s  w e r e  c o n v e r t e d  t o  
a n i s o t r o p i c  t h e r m a l  p a r a m e t e r s .  I s o t r o p i c  t h e r m a l  p a r a m e t e r s  
c o n t i n u e d  t o  be  u s e d  f o r  a l l  h y d r o g e n  a t o m s .  The  w e i g h t i n g  
s chem e :
w = ( a 2 ( F )  + I g I f 2 ) - 1  
a l s o  r e p l a c e d  t h e  u n i t  w e i g h t s  u s e d  h e r e t o f o r e .  T h e  o n l y  
c o n s t r a i n t  e m p l o y e d  i n  t h i s  m o d e l  d u r i n g  1 e a s t —s q u a r e s  
r e f i n e m e n t  was  t o  f o r c e  t h e  p o s i t i o n s  o f  t h e  t h r e e  m e t h y l  
h y d r o g e n  a t o m s  t o  s h i f t  i n  a s y n c h r o n i z e d  way w i t h  t h e  m e t h y l  
c a r b o n .  T h a t  i s ,  t h e  CH^ g r o u p  wa s  d e f i n e d  a s  a r i g i d  b o d y  
i n  w h i c h  t h e  h y d r o g e n  a t o m s  ' r i d e '  o n  t h e  c a r b o n  a t o m
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g
p o s i t i o n  i n  o r d e r  t o  p r e s e r v e  t h e  SP h y b r i d i z a t i o n  g e o me ­
t r y .  A f t e r  r e f i n i n g  t h i s  m o d e l  f o r  t h r e e  c y c l e s  o f  l e a s t
s q u a r e s ,  n o  p a r a m e t e r  p s h i f t e d  m o r e  t h a n  0 . 3 c r ( p )  a n d  no
0 - 3r e s i d n a l  e l e c t r o n  d e n s i t y  g r e a t e r  t h a n  0 . 5 e . A  w a s  o b s e r v e d  
i n  t h e  f i n a l  d i f f e r e n c e  ma p .  The  f i n a l  R - v a l u e  i s  0 . 0 2 8 9  a n d  
Rw i s  0 . 0 5 0  o v e r  1 6 4 4  r e f l e c t i o n s  a n d  186  p a r a m e t e r s .  T a b l e
2 . 2  l i s t s  t h e  f i n a l  c a l c u l a t e d  a n d  o b s e r v e d  s t r u c t u r e  
f a c t o r s .  A t o m i c  p o s i t i o n s  a n d  i s o t r o p i c  t h e r m a l  p a r a m e t e r s -  
o f  t h e  a s y m e t r i c  u n i t  a r e  l i s t e d  i n  t a b l e  2 , 3 ;  f i g u r e  2 . 2  
c o n t a i n s  b o n d  l e n g t h s  a n d  a n g l e s  a n d  f i g u r e  2 . 3  i s  t h e  
p a c k i n g  d i a g r a m .  A n i s o t r o p i c  t h e r m a l  p a r a m e t e r s  a r e  l i s t e d  
i n  t a b l e  2 . 4 .
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Table 2.2 : Observed and calculated structure factors 
of compound I.
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ik Aim 9  g C S i r C ' * £ C S r ^ > n o c |r ir {r o iO £ Q ir C C C r H .9 C C r u  c l * O C 9 4 r > g i \ i r O i \ t ^ 9 " r iI ^ B ^ C 8 r u c * o n p 4 £ C r c i f i j l7 9
o  m«nmru f\jrujVAimruMm9 4 n j 9 i/>iirmar*>rua<m «rurvis»M9 £ • * "  r -m oxm w 't/'-o® —a ir o r u t  c 9 .0 9 —■
m  I I I  I I  I I  I I I I I m IU 4 V - 4 - 1 I  mA/m  m  I  I — I — I I I  ||M |M M M tU
I I  I I I  I I I I
o  9 d O C  K '£ tP fU » * irrC a r£ N C t" -ff '- lf lC O £ -C ffn j^ iP -f\JC C ffO kC
tk K i9 ^ a c rh > n A jr> t 'V c in K to e 9 c r -* 9 ^ C h c ir /C A iO >gpngm  m c c c r < n g i^ * ‘r * - 'C a o r to * f u - < i— « ^ d - i p r ^ ( c - « c ( \n r  
©  m m m i M M  M i u A r m r u M m i t a m i r i P t r a  a ^ r u c i r  c m K t t - t t  * o m  x m ^ x m m i p o o  q i r « ^  m  f v i M m a m n j i o a a * r u - a r * 9 ^ m r u
M M ru ftjM M mAJm M m m  M MMMfU
j  AJAifUAJAjruAinirurvirwAjAJi’UfururuAjrummKimmmmmmmmmmmm g g g q q g g t a a i i q q g q q g g i d d a s Q l l Q i n a i o  
^  0 9 -ir 9 9 9  9 - 0 0 0 0  ocommmmmmmmmmmmmmmmmmm m MMMMMMMMMMMwrururururufUr'uAiAjfurummmmmmmmKimpo
X aiM-irM M ^9  4>9ruoni47i0irmMM|i<i-0 9Oi04>9A jonj9'A vO AJ9 tfiKiM M inyir-trM m^rux^a A*OAi9-cor\j<^iAmM9^mviMMm4n
M t  I I  I I I  I I I  MMM t  I I I  MMM |  I  I  MMMM |  I I I  MMMMM |  t i l l• I  I  I  I I I
16
U  9  O N m V  4  0 3 i T 4 m O ^ O O i 9 9 i n o >f iJ ) ( r i ,U d C ^ 9 0 £ - * O r » > " ^  D 3  0 4 X '0  9 -« 0 , xO k9 * 4 > 4 ^ i n 9 0 4 3  4 ip a r« 3 > 0  £
U» lOX)4*l IM m O m ^ O 1 r\Jf»©® ̂ ^ f 1-  a w  ^JN1^rVi*0!iai—»r|p»—KlfU^t^-KI S71^/lKff- aWlMKlinatM^tOi© a a jM ^ J fy ^ a K W  « r»  w r»ry ■& -cm-£ -O 
c» 9«a< O C S 9 (M K lh > '4 ll>) i n « 4 i n * * ^ S X i ^ h N 9  4M K10C«4^Dw<11 a  (UIMM(UmiunO(\i g«U(V3
•« •  « •  t t f b l f t M  m  « # « t  t  •  1  « 1 1  § 1  |  m  1  | |  1 1• * • * I I I
a  £ n ? s  £ c x ^ - * a ( U p i e iV 9 H M K  x * » e  v g c 9 i / i ^ - * v ^ ^ ^ o
u . o ^ S 3 A 9 S x K ) * « s s i x t f  if in in N > * iv -< > n K t?fO -9 3 .'V 0 9 < c ip  r u r . W h c y a n i v x f f a a j i / i c i / i c n n j N 'u r t h x i o c c * 1 C iT o to a  a etr|OK93?Af̂ NHirinc4tpjMP*>(rs'nr>NPin(ui*)9« tn«»in« i\ĵ «̂*Ki<4Ki9iM*«inru'V9̂ in9 4 j)«'O>inni0 **39*-̂  q
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- J 4 4 b b b - b b b •  4 7 9 157 •  2 » 8 0 0 10 352 3bB
-1 4 9 3 5 3 - 1 8 4 - 2 7 9 69 6 3 2 0 10 1947-14511
1 4 4 3 4 8 341 0 7 9 14 4 2 0 3 6 n 10 1 1 9 b 1 2 2 6
1 4 9 41 1 — 4 0 5 2 7 9 2 0 4 - 1  7? 8 0 10 4 9 b - 9 1 5
7 4 9 2 4 0 2 5 b 6 7 4 I b l 1 " 0 19 0 10 4 5 2 - 4 6 9
4 4 9 8b 47 A 7 9 196 - a l h 12 0 i n 9 2 u 9 2 9
11 4 9 33 0 - 3 2 b 10 T 9 3 8 5 - 3 6 8 14 0 10 2 1 4 2 0 9
13 4 4 l b a 1 1 3 - 9 8 9 2 4 4 2 7 0 - 1 5 1 10 186 - 2 4 8
- 1 0 5 9 4 3 5 467 - 5 8 4 4 1 4 - 4 9 0 - 1 3 1 10 5 1 3 4 7 9
- a 5 4 bOb - 6 2 8 -3 8 4 1 7 3 183 - 1 1 1 10 56 1
- b 5 9 311 - 1 0 4 - 1 8 9 1 3 6 81 - 9 1 10 7 0 » - 7 0 3
- 4 5 9 1 1 8 2 1 19b 1 8 9 344 - 3 3 1 - 7 1 10 4 0 2 367
- 2 5 9 4 4 0 - 4 7 9 3 A 4 29 7 2 l n - 5 1 10 227 190
0 5 9 1 0 1 9 - 1 0 4 3 7 B 9 441 - 4 5 7 -3 1 10 1 2 8 1 - 1 2 3 4
2 5 9 1281 1 3 0 3 9 8 9 5A - 4 4 - 1 1 i n 108 • 1 0 34 5 9 11 5 1 18 - 8 9 9 4 17 4 2 0 1 1 19 1 7 3 4 1 6 7 0b 5 4 T22 - T  34 •  4 9 9 821 - 8 4 7 3 1 10 1 2 3 4 - 1 2 1 2
. 8 5 9 4T4 4 9 0 - 2 9 9 170 10 2 5 1 10 8 0 7 - 7 9 3
10 5 9 321 3 0 b n 9 4 6 0 5 5 9 5 7 1 10 991 9 6 5
12 5 9 b 3 2 - b O l 2 9 4 7 72 - 7 7 1 11 1 10 2 7 4 - 2 5 5
- 1 3 6 4 410 - 3 9 2 4 9 9 197 - 1 7 8 13 1 10 4 5 3 4 2 2
H A L 10FD 1 OFC H K L 10FII IOFC
- 7 7 8 156 - 5 3 - 1 4 1 4 5 2 4 4 9 8
- 5 7 B 4 3 8 * 4 3 9 - 1 0 1 9 6B5 •  6 0 4
— 3 7 8 6 1 5 6 3 6 -B 1 9 6 6 9 709
*1 7 8 2 9 3 2 9 9 - 6 1 9 4 9 9 5 4 6
1 7 8 85 7 - 8 7 0 - 4 I 9 1 3 « 6 - 1 3 b 5
3 7 8 3 2 0 31 4 - 2 1 9 3 5 6 3 5 9
7 8 651 6 4 8 0 1 9 477 9 9 8
7 7 8 4 2 0 - 9 1 2 2 I 9 6 6 4 •  B»b
9 7 8 15 6 2 0 4 1 9 4 5 0 4 3 0
11 7 8 4 6 3 4 7H 6 1 9 1 1 4 6 1 2 2 2
- t o B 8 4 3 6 - 4 5 4 8 1 9 531 - 5 2 0
- 8 B A 5 7 7 5 5 3 10 1 9 5 3 9 - 5 5 2
•  4 8 8 7 0 2 - 7 1 5 12 1 9 56H 5 6 4
- 2 8 8 168 1 BO 14 1 9 5 b 144
0 B H 6 2 2 6 1 4 - 1 5 2 4 4 5 2 - 4 0 8
2 A 8 5 4 3 - 5 1 2 - 1 3 2 9 5 2 0 4 9 9
4 B 8 127 - 1 7 b - 1 1 2 9 2H4 2 9 3
b B 8 BOT 8 2 0 • 4 2 4 137 3 - 1 3 6 0
8 8 8 3A1 - 3 9 0 - 7 2 9 3 4 2 3 4 0
10 8 8 3 5 0 • 3 3 9 - 5 2 4 1 3 7 3 l i b 4
- 9 9 8 Bb - 1 7 9 - 3 2 9 1 9 2 5 - 1 4 5 8
- 5 9 A i 25 - 4 6 - 1 2 9 b i o - 5 6 7- 3 4 8 2 8 2 - 2 7 7 1 2 9 24TB 24115
1 4 8 1 79 2 1 9 3 2 9 7 5 0 - 7 2 5
3 9 8 79 5 3 5 2 9 1 0 9 0 - 1 1 0 0
5 4 8 3 1 2 —2 0 6 7 2 9 1 6 3 5 1 6 2 4
7 4 8 154 131 9 2 9 101 16 4
• 6 10 8 104 1 4 5 11 2 9 7 1 5 - 7 2 8
- 4 10 8 4SB - 4 6 3 13 2 9 6 1 5 6 2 3
- 2 10 8 101 10 4 15 2 4 2BQ 2 b 5
0 8 3 8 2 4 0 3 - 1 4 3 9 2 7 5 • P b l
2 t o 8 27 7 - 2 9 0 • 1 0 3 9 3 8 8 3 7 9
6 10 8 321 3 0 6 - 8 3 9 6 5 0 •  b4 7
1 11 8 5 0 8 491 - b 3 9 3 0 5 - 3 0 8
* 1 2 2 10 ] 49 I b b u 4 10 1 1 4 7 - 1 1 9 0
- 1 0 2 10 2 4 b • 2 3 4 2 4 10 I1 B 2 1 1 6 4
- 8 2 10 187 2 1 2 4 4 10 43 1 67
• 6 2 10 134 115 6 4 t o 1 2 8 8 - 1 2 7 1
*4 2 10 4b 7 - 4 6 2 8 4 10 5 7 8 5 7 5
•  2 2 10 261 2 4 8 10 4 10 7 0 b 7 1 6
0 2 10 1 7 8 * 1 8 0 12 4 10 772 — 77h
2 2 10 3 5 3 3 2 b - 9 3 It) 5 0 8 4 9 3
6 2 10 2 b 3 2 4 b - 7 5 10 6 9 - 6 5
A 2 10 131 84 - 5 5 10 4 2 3 •  4 2 3
2 ID 5 3  3 - 5 4 6 - 3 5 10 6 4 7 6 5 2
12 2 10 142 - 1 6 1 I 5 t o 5 6 3 - 5 B 3
14 2 10 100 4B 3 5 10 4 5 61
- 1 3 3 10 3 2 7 3 5 9 5 5 1U 2 9 9 3 0 0
- 1 1 3 10 3 4 0 3 7 8 11 5 10 2 0 5 ISO
- 9 3 10 8 4 9 • 8 3 4 13 5 10 61 • 8 b
*7 3 10 4 33 4 6 6 - 1 2 b t u 84 36
* 5 3 10 1 0 4 0 1 1 2 8 • l u 6 10 7 6 6 9
- 3 3 1 0 1 5 1 5 - 1 5 0 2 -B b 10 3 7 9 •  3 7 0
- 1 3 10 297 • 3 2 1 - 4 b 1U 267 2 9 0
1 3 10 9 4 2 9 6 b - 2 6 10 2 3 3 - 2 3 1
3 J 10 5 3 4 - 5 4 7 0 6 10 149 - 1 6 7
5 3 10 8TB - 9 1 7 2 6 10 55 7 5 b b
7 3 10 7 43 7 8 5 4 b 10 3 4 5 3 4 8
9 3 10 11 4 - 8 6 b b 10 1 59 - 5 2
11 3 1U 8 0 0 •  7 49 10 6 10 1 22 •  169
11 3 10 4 4 8 5 1 0 12 b 10 1 68 - 2 3 8
a 10 081 — 461 - 1 1 7 10 258 - 2 5 9
- 1 2 4 10 9 b 89 - 4 7 10 571 5 b b
- 1 0 4 10 6 8 4 7 2 7 - 5 7 10 464 •  4 / 0
- 8 4 10 BitU - 8 2 5 - 3 7 111 6 4 9 704
• 6 4 10 3 4 9 — 3B1 1 7 10 BOT — BIO
- 4 4 10 1 5 9 3 1 6 1 3 3 7 10 537 5 0 4
- 2 4 10 7 6 6 - 8 1 7 5 7 10 4 9 3 4 7 0
H A L 1 OFU IOFC
7 7 10 A2A - 8 5 b
11 7 10 UII9 020
- 1 0 8 10 2 1 0 - 2 7 0
*8 n 10 5 7 0 50 1
- b a 10 2 0 3 2 2 5
- 0 0 10 b 2 2 • 6 5 8
• a 0 10 2 7 5 2 7 5
0 A 10 5 3 7 5 0 8
a 0 10 b a n • b 7 8
b A 10 6 6 1 6 7 9
8 a 10 0A9 - 5 0 0
• 7 9 10 172 150
- S 9 10 1 a t 8 5
- J 9 10 195 - 2 0 3
1 9 10 2 8 5 5 0 3
J 9 t o 1 33 - b l
5 9 10 137 - I f l b
7 9 10 119 1 99
- a 1° 10 3a8 - 3 2 00 to l u 1B1 2 0 0
a 10 10 3 3 1 - 3 3 8
- l a 1 11 a 5 a 0 5 0
- i a 1 11 7 5 - 1 0 1
- 1 0 1 11 5 5 b - 5 7 1
- 8 1 1 1 7 b 5 7 6 8
- 6 1 11 5 2  7 6 0 8
- a 1 u 81 a - 7 9 b
•a 1 11 3 « b 35b
0 1 11 h i  a 60S
a 1 1 1 l i a n - 1 1 7 0
b 1 11 1 0 5 5 1(1)1
B 1 11 729 - 7 1 9
10 1 11 7 1 5 •  7 0 0
la 1 11 a  1 3 aia
- a a ia 1 0 6 2 1 0 7 3
-a a la 7 0 8 - b 5 o
0 a ia 5 9 s -bOA
a a la 7 9 3 7 7 0
a a ia 5 0 7 - 0 7  3b a ■ a 0 9 2 -A 5 9
8 a ia 7 7 9 7 77
10 a la 2 0 0 a«2ia a ia b a n —h 9 9
- i i 5 ia lao - h i
- a 5 la 3 2 8 2 9 5
- 7 5 12 ea - 1 8 3
* 5 5 12 85 -2 0 H
- 3 S la 3i a 2 9 0
- 1 5 la HO - 5
1 S ia 0 3 5 - 0 7 23 5 ip 28 7 - 2 9 5
5 5 12 b 2 0 60 1
7 5 12 271 —2Ub
8 5 ia 2 3 0 - 1 8 3
11 5 12 2U8 2 h  3
• 1 0 b 12 101 01
- b b 12 70 2 5•a b 12 4 7 b 4 07
• a b 12 3 8 2 — 0 ) 8
0 b 12 5 6 0 - 5 5 8a b 12 3b 0 3b2
b b 12 117 - 5 3
8 b 12 105 15 0
- 9 7 12 aoh 39 0
*7 7 12 2 3 a - 2 0 7
• S 7 12 5 3 5 - 5 1 4
• 3 7 12 b 7 4 6 9  b
1 7 ia 7 2 2 - 7 0 7
H K L 1 OF U 1UFC
- 1 1 2 11 5 ? 7 5 1 4
•  1 1 2 11 l o o 2117
- 9 2 11 0 4 9 - 0 2 b
- 7 2 11 6 5 6 6 0 5
- 5 2 U 9 2 7 90  H








1 7 b 3 1 « 1 ?
3 2 11 b 9 1 •  7 ip a
5 2 11 8 71 - 0 A 3
7 2 l l 1 0 1 9 III 19
9 2 11 15 0
11 2 11 b 2 h •  6 3 7
l i 2 11 5 6 0 b b b
- 1 0 1 11 2 0 3 - 2 7  6
- 1 0 3 11 0 2 5 4 3 3
- 8 3 11 0 9 5 • o r ?
- b 3 11 110 - 1 4 0
- a 11 1 0 6 9 1 1 0 3
- 2 1 11 a a s •  4 4 0
0 1 11 0 5 7 •  4 5 2
2 3 11 9 7 0 9 b b
4 3 11 1 35 **b
b 11 50 1 •  497
A 3 1 1 7 8 b
10 3 11 2 9 8 3 1 5
12 3 11 b'19 - 6 3 5
- 7 a 11 2 0 0 201
- 5 11 157 2 5 0
1 11 38 7 4 1 5
3 4 11 b7  3 •  6 6 2
5 4 11 91 - 4 1
7 I 1 6 5 5 6 5 3
11 a 11 171 - 1 5 1
3 7 12 6 5 3 6 9 7
5 7 12 3 b 5 3 5 3
7 7 12 b i b - 6 3 5
-A 0 12 0 3 1 4 2 b
- b 8 12 8 0 1 n l
- a 0 12 5 8  7 • 5 7 b
- a 0 i a 0 2 2 a  19
0 B 12 2 8 0 2 7 6
2 0 12 82 1 - H i u
4 A 12 1 7 6 64
b 0 i a 0 5 5 4 6 5
0 0 12 3 6 2 —35fl
- 3 9 12 82 - 2 1 9
- 1 9 12 81 6
3 9 12 150 - 1 3 4
- 1 2 1 13 251 - 2 3 9
- 1 0 1 13 5 5b • 5 3 4
-A 1 13 5 0 2 531
- b 1 13 1 1 5 1 2 5
•  0 i 13 AbO - 0 5 9
- 2 l 13 501 b " 9
0 i 15 3B9 i b b
2 l 13 1 l b l - l l b o
0 l 13 i n n 113
b l 13 1(119 1 0 5 5
A l 13 393 - 3 N 2
10 i 1 3 8 0 5 - 2 9  2
12 i 13 5 4 0 5 1 6
- 1 3 2 13 4 2 2 391
- 9 2 15 6 7 7 • 6 6 6
- T 2 13 5 9 3 6 0 6
- 5 2 13 bUO 61 1
- 3 2 13 1 3 5 2 - 1 3 5 6
- 1 2 13 1 9 9 2 1 4
H « L 1 OFU IOFC
13 4 11 16 7 197
• 1 2 5 11 2 3 6 2 0 9
• 1 0 5 11 56 4 3 5 3
-f l 5 11 7 4 6 •  0 0 4
- 4 5 11 7 6 5 801
• 2 5 11 6 0 9 • 6 1 2
0 5 t l 1 0 1 2 - 1 0 3 1
2 5 11 0B5 9 0 9
4 5 11 47 - 5 b
6 5 11 7 5 7 - 7 5 7
tt 5 n 6 2 8 6 2 9
10 5 11 12 0 00
12 5 11 5 1 0 • 5 1 0
- I I 6 i  i 14 2 •  170
- 9 6 n 5 9 b 5 6 4
•  7 6 n 3 6 0 •  301
- 5 6 i i 4 1 5 •  407
• 3 6 i i 7 2 2 7 0 3
1 6 11 6 7 0 - 0 6 9
A 6 n 69 1 6 4 6
5 b 11 7 4 3 7 2 b
7 6 i  i 6 b ? •  6 9 2
11 b 11 4 9 5 474
•  t o 7 i i 14 0 •  139
-A 7 u 2 9 4 2 9 |
• b 7 11 5 a 44
• 4 7 11 51 4 - 3 1 3
0 7 i  i 1 5 5 79
2 7 i i 2 31 - 2 5 0
4 7 t i 31 1 3 1 5
6 7 u 4 4 4 47 7
10 7 n 1 1 H • 6 1
•  9 0 u 2 3 9 2 5 7
•  5 6 i t 157 • 2 6 3
1 2 13 1 2 3 9 12 2 0
3 2 13 1 0U5 - 9 9 3
5 2 13 7 7 9 - 7 7 4
7 2 15 7 0 2 6 4 4
9 2 13 2 5 3 - 2 6 4
11 2 13 5 6 2 - 5 7 0
I 3 2 1 3 5 1 b 5 09
• 1 2 3 13 211 251
- l u 3 13 2 1 9 2 1 3
- 0 3 13 527 - 5 7 1
- 4 3 1 3 6 6 0 6 5 9
- 2 3 13 3 2 5 - 3 0 1
(I S 13 116 — 107
2 3 13 2 2 2 2 1 7
4 3 13 6 1 7 - 6 6 5
b 3 13 2 6 9 - 2 6 7tt 3 13 4 2 3 4 1 0









- 2 4 1
- 7 4 13 28 7 2 8 2
- 6 4 13 100 13 3
- 1 4 13 34 7 371
1 4 13 91 92
3 4 13 1 2 3 • 1 0 6
5 4 13 2 5 0 2 7 5
7 4 13 2 6 2 267
9 4 13 3 5 0 - 3 6 b
11 4 13 11 0 • 1 2 0
• t o 5 13 3 2 4 35 3
- 0 5 13 6 3 5 - 6 2 7
- 6 5 13 177 2 b 3
• 4 5 13 9 3 4 9 6 2
• 2 5 15 5 5 6 • 5 5 9
H 8 L I OFU IOFC
- 3 8 1 1 2 7 7 261
1 0 11 2 4 6 •  2 4 4
5 6 11 1«7 170
7 0 1 2 5 2 - 2  74
• 0 4 11 5 6 2 • 5 0 2
• 2 9 11 311 3 5 0
0 9 11 3 2 0 3 2 2
2 9 1 I b b b - 6 9 4
6 9 11 5 39 5 5 4
- 3 1 ° 11 4 56 - 4 6 2- I 10 1 1 117 • 1 2 0
1 1U 11 a l l 4 1 2
3 10 11 16 0 - 1 7 7
- 1 4 0 1? 5 4 b 5 5 0
• 1 2 0 12 37 0 * 3 4 9
• J O 0 I ? 6 1 5 - 6 3 B
- 8 II 1? 1 0 6 2 1 0 50
- b 0 12 4 4 0 421
—9 u 1? 1 2 2 5 - 1 2 5 9
- 2 u 12 6 9 2 9 5 0
0 u 12 1 4 0 4 1 34 5
2 0 12 1 b ? 1 - 1 b 32
4 0 12 4 91 4 9 3
6 0 12 1 3 5 2 1 3 4 0
8 u 12 9 6 4 - 9 6 4
10 0 12 5 4 0 - 6 0 4
12 0 12 a 7 b 447
I 4 0 12 101 •  165• 1 3 1 12 3 1 9 3 0 9
•  4 1 12 4 4 2 • 4 2 4
- 7 1 12 3 9 b 4 1 4
• 5 1 12 2 7 4 2 9 4
• 3 1 12 11 I B - ] l b 2
•  1 I 12 190 * 1 0 3
0 5 13 5 6 5 - 5 5 4
2 b 13 75 0 7 4 0
6 5 13 631 • 6 5 0
e b 13 6 1 7 6 3 0
10 5 13 61 1 3 3
- 9 6 13 4 9 3 4 9 ?
- 7 6 1 3 3 7 4 - 3 4 6
- 5 b 13 3 9 7 - 3 9 5
- 3 b 1 3 7 5 0 7 6 2
- t 6 13 67 - 0 7
1 6 13 1 0 5 5 - 1 0 2 3
3 b 13 4 4 3 4 3 0
5 6 13 3 4 / 3 4 0
7 b 13 6 4 2 - 6 4 4
9 b 13 169 1 00
•  6 7 13 160 - 5 1
•  4 7 13 142 - 1 7 6
0 7 13 37 101
2 7 13 3 9 7 - 3 0 9
6 7 13 2 8 7 26 1ft 7 13 2 0 0 * 1 6 3
- 7 6 13 7 2 - 1 0 2
- 5 0 13 2 5 3 - 2 4 4
•  3 6 13 1 7 8 2 5 0
1 tt 13 1 9 5 - 2 0 6
3 0 13 ? a b 2 2 9
5 0 13 1 3 9 195
7 0 13 10 3 - 1 9 5
• 4 4 13 3 5 3 - 3 3 4
- 2 9 13 407 4 1 ?
0 9 13 1 7 9 2 0 9
2 9 13 4 0 5 • 5 0 0
- 1 2 U 1 4 3 4 0 - 3 1 2
- 1 0 0 14 5 0 0 - 5 2 9
H 8 L 10FQ 1UFC
1 1 12 97 7 9 4 2
3 12 1 1 1 1 - 1 1 0 9
b 12 2 2 0 - 2 2 4
7 1 1? 1 0 1 9 1 0 2 7
9 12 161 - 1  34
t l 1 12 £ 9 ? - 2 9 2
13 1? 3 49 3 0 4
- 1 4 2 12 B4 32
- 1 0 2 12 2 6 4 • 2 7 4
- 0 2 12 164 * 1 7 5
- b 2 1? I ? 5 162
• 2 2 12 12b - 3 b
U 2 12 164 •  17 B
2 2 12 110 43
a e 12 143 - 6 5
6 2 12 5 6 2 561
6 2 12 4 ? 3 4 1 6
12 £ 12 06 130
- 1 3 3 12 31H 3 3 2
- 9 i 12 6 0 ? * 7 1 9
- 7 3 12 4 8 5 434
* 5 3 12 6 9 2 7 35
- J 3 12 I 041  — 1 0 6 b
- 1 3 12 2 1 b 241
1 5 12 1161 j ? u a
3 3 12 5411 * 5 5 6
b 3 12 6 6 2 - 6 6 9
7 3 12 bUO 4 7 2
9 3 12 161 * 2 1 6
11 3 12 4 2 2 •  401
13 3 12 on i 4 1 ]
• 1 2 4 12 26 1 2 4 /
-111 4 12 5 5 6 55 7
*0 4 12 021 * 7 9 8
• 6 0 14 8 4 2 0 3 6
- 4 0 14 977 * 9 4 7
- 2 0 14 1 2 7 4 1 2 0 5
0 U 14 6 0 0 6 2 4
2 0 l a 1 7 2 0 - 1 7 6 6
4 U 1 a 122 89
6 0 14 1 0 6 ? 1 0 7 2
B 0 14 82B * 8 0 6
10 0 14 2 7 3 •  2 7 9
12 0 14 651 6 6 5
* 1 3 1 14 2 7 b 29 7
- 1 1 1 14 60 91
- 9 1 1 4 4 5 4 * 4 6 2
- 7 14 4 9 2 5 0 0
- 5 14 5 5 5 5 2 3
- 3 14 0 4 2 • 6 3 5
-1 1 4 319 3 4 6
1 14 07B 0 7 0
3 1 a 6 6 5 • 6 6 5
5 1 14 4bB • 4 1 7
7 1 14 4 0 3 4 2 2
9 14 a n •  4 3 4
11 1 4 37£ •  3H7
- 1 2 2 14 16 2 53
- 1 0 2 14 130 - 0 ?
• 4 2 1 4 1 46 •  190
- 2 £ 14 122 •  136
0 2 14 3 1 4 3 2 0
2 2 14 217 • 2 3 2
b 2 1 a 2 4 4 2 3 2
12 2 14 98 73
- 9 3 14 4 9 9 • 4 9 0
- 7 3 14 411b 3 5 5
- J 3 14 6 7 3 • 6 8 4
09
H K L 1 0 F 0 1 OFC H K L 1 OFU IOFC H K L JOFO IOFC
• 1 3 19 3 2 2 301 1 7 i a 6 1 6 - b 2 3 -fa 3 15 15 2 - 1 9 4
1 3 14 1 0 0 5 101 1 3 7 14 6 4 h 5 7 2 - 4 3 15 301 3 1 0
3 3 14 3 7 0 •  37B 5 7 14 2 0 5 1 9 9 - 2 3 15 107 - 2 5
7 3 14 8 7 8 Bb5 7 7 14 5 5 7 - 5 5 2 0 3 15 2 4 6 - 2 5 9
9 3 14 142 - 1 5 8 - 4 8 I 4 3 « 9 - 3 7  7 2 3 15 1 5 9 1 5 0
11 3 14 2 7 4 - 2 7 4 • 2 8 1 4 5 2 9 6 1 9 4 3 I S 34 7 - 3 1 9
•  13 4 14 34  0 3 2 0 0 8 14 183 2 0 9 fa 3 15 2 9 2 •  2 8 7
• 1 0 4 14 2 1 6 2 8 2 2 8 14 5 5  3 - 5 6 5 8 3 15 4 1 2 391
-B 4 14 7faO - 7 3 2 4 8 14 1 74 174 • 9 4 15 17 0 - 2 3 8
* b 4 14 151 77 6 8 14 348 36 9 • 5 4 15 72 B7
-11 4 14 8 6 4 9 1 5 1 4 1 4 1 5 9 68 1 4 16 2 1 2 - 2 0 0
0 4 14 147 - 2 0 9 - 1 0 1 15 2 8 4 - 2 8 7 5 4 15 57 - 4 7
3 4 14 5 1 4 5 1 9 -A 1 15 5 4 6 5 4 9 7 4 15 8b 99
4 4 14 4 0 2 - 3 7 b •  4 1 15 7 9 3 - 7 9 4 9 4 15 98 - l bfa 4 14 Sfafa - 5 7 8 - 2 1 15 7 6 7 7 7 6 11 4 Ifa 1 0 3 - 5 4
B 4 14 fab 3 6 6 2 0 1 15 4 5 9 4 6 2 - 1 0 S 15 2 1 4 2 0 7
- 9 5 14 2 1 7 177 2 1 15 9 4 2 - 9 6 4 - 8 fa 15 5 2 7 - 5 4 9
- 7 fa 14 2 5 5 - 2 5 4 4 1 15 2 8 2 2 9 b - 6 5 15 14 2 48
• 3 5 14 fabfa 5 5 9 b 1 15 5 8 5 6 7 0 •  4 5 15 7 0 8 7 0 0
I 5 19 7 2 2 - b 9 7 8 1 15 5 1 b • 5 2 1 • 2 5 15 3 8 b - a i o
3 5 19 3 2 2 3 2 5 10 1 15 1 4 b - 1 0 2 5 15 871 8 8 3
5 fa 14 3 9 9 4 0 3 12 1 16 4 6 9 4 7 4 4 5 15 3 0 b • 3 1 3
7 5 14 49fa - 4 9 2 - 9 2 15 491 - 4 9 0 6 5 15 5 9 2 - b o i
• 8 fa 19 I b 8 - 2 0 0 - 7 2 16 4 9 5 497 8 5 15 4 5 2 4 6 9
• 0 fa 14 31 7 3 1 5 - 5 2 15 A 4 154 • 9 fa 15 4 71 4 8 5
• 2 fa 14 387 - 3 8 8 - 3 2 16 11 114-1 109 - 7 fa 15 4 2 2 • 3 B b
0 fa 14 2 5 b - 2 7  3 - 1 2 16 39 9 37 0 - 5 6 15 331 * 3 1 4
a fa 14 38 b 4 0 0 1 2 15 1 0 5 5 1 0 1 b - 3 6 15 85 7 86 7
a fa 14 10b - 2  Ifa 3 2 15 7 2 9 - 7 0 1 - 1 6 16 16 9 - 1 7 1
fa fa 14 2 8 3 —2 b 8 7 2 15 8(10 801 1 fa 16 bfal - 7 0 9
8 fa 14 ? n o 2 0 2 9 2 15 2 2 7 - 2 2 6 1 fa 15 6 1 4 6 1 4
• 7 7 14 2B3 - 2 8 5 11 2 15 3 6 5 - 3 3 5 5 fa 15 197 21 1
- 5 ; 14 0 5 9 - 4 5 4 - 1 2 3 15 2 8 7 271 7 fa 15 b l  1 -fa07
- 3 7 14 671 fafah •  8 3 16 4 6 3 - 4 6 3 -fa 7 15 41 - 3 9
• 2 8 Ifa 39 b 3 6 5 - 5 a 1? Tb 186 3 1 18 3 1 5 - 3 2 5
0 8 l b 19 0 189 - 3 4 17 2 9 2 -2T A 7 1 18 341 3 7 3
3 8 l b 3b 2 - 3 7 0 - 1 a 17 11 0 - 1 2 3 9 1 18 1 8 4 - 1 8 8
- 8 1 17 5 8 5 5 7 8 1 4 17 137 160 • 6 2 IB 122 - 1 9 2
-fa i 17 301 - 2 7 1 3 a 17 11 9 - 1 1 6 - 4 2 IB 106 - I B
• 9 l 17 5 0 3 - 4 9 3 5 4 17 10 9 l b - 2 2 IB 17b 183
- 3 l 17 6 39 6 9 3 7 4 17 I b b 181 0 2 18 6 3 - 1 2
2 i 17 6 8 0 - b 7 9 • 6 5 1 7 4 3 b - 4 2 5 2 2 IB 91 4
a i 17 35 9 55 7 - a 5 17 2 8 2 2 6 9 4 2 IA 2 2 0 2 1 4
6 i 17 2 5 4 2 3 2 - 2 5 17 5 5 8 - 5 7 8 8 2 IB 100 - 4 8
8 l 17 5 9 5 - 5 6  3 0 5 17 Hfa - 1 2 9 - 9 3 18 2 4 4 - 2 5 5
10 l 17 13 0 37 2 5 1 7 5 4 4 5 4 4 - 7 3 IB 3 6 0 3 5 2
- 9 2 17 287 - 2 9 9 4 5 17 2 b 9 - 3 2 6 - 5 3 IA 2 5 3 2 3 4
- 7 2 17 4 8 3 4bfa b 5 17 2 9 9 - 3 0 9 — 3 3 18 5 4 b -bUO
• 8 2 17 1 36 153 8 5 17 5 0 7 4 9 0 • 1 3 18 75 75
- 3 2 17 bOO •  b l  4 • 7 fa 17 4 2 6 - 9 2 4 1 3 18 2 4 5 2 4 4
- I 2 17 2 8 0 2 6 5 - 3 6 17 7 2 9 7 3 6 3 3 IB 6 7 5 - 6 6 2
1 2 17 b l  3 b2fa -1 6 17 2 4 0 - 2 6 1 7 3 IA 4fa4 431
J 2 17 70 3 - 7 1 2 I 6 1 7 4 1 0 - 4 2 8 - 8 4 1 A 4A2 - 0 5 3
5 2 17 91 - 1 9 1 3 b 1 7 46 7 4bB - 4 4 18 311 29 7
7 2 17 fa4fa 6 1 5 - 4 7 1 7 2 1 2 - 2 0 9 - 2 4 IA 6 9 2 - 6 B 5
9 2 17 3 36 - 3 4 4 - 2 7 IT 101 128 0 4 18 76 - 5 9
• 1 0 3 17 149 2 0 6 •  A 0 1 8 bt)5 6  33 2 4 IA 6 6 7 6 6 2
- 8 3 17 3b7 - 3 5 9 - b 0 18 2 9 8 - 2 7 5 4 4 IB 4 6 3 -4fab
- 6 1 17 121 - 1 1 - 4 0 18 5 6 2 - 5 6 7 6 4 IB 14 0 - 3 1 1
- 4 3 17 33b 39] - 2 0 18 6 9 2 701 8 4 IB 471 47B
- 3 3 17 170 - 9 3 2 0 18 5 3 6 - 5 2 1 - 7 fa IB 119 - 1 9 2
0 3 17 9 32 4 0 18 4 4 8 4 3 3 - 3 5 IB 2 9 9 31 0
3 3 17 fano 6 2 4 A 0 18 5 1 b - 5 1 2 -1 5 IB 112 - 1 0 9
<1 3 17 74 - 1 3 3 - 9 1 18 141 - 2 2 2 1 5 IB 20  7 - 1 6 7fa 3 17 3 4 5 - 3 3 5 - 7 1 18 2 6 4 2 6 5 3 fa IB |9 B 2 1 5
8 3 17 312 33 7 -3 1 18 9 4 5 - 4 5 1 - 2 6 18 8 8 - 1  54
• 9 4 17 128 - 1 2 3 - 1 1 1 A 3 9 3 393 - 8 1 19 357 3 5 2
• 7 4 17 159 20 1 1 1 A 5 6 9 6 9 4 - 6 1 19 2 b 2 - 2 8 1
0 3 2 1 5B 5 4 - I 4 21 119 4 2 0 2 2 4 5 5 - 4 2 1
2 3 2 1 2 8 9 2 9 7 - 2 0 2 2 4 5 2 4 4 0 -3 1 2 2 2 61 - 2 2 0
H K L 10FU t OFC H K L 10FU IOFC
•  4 7 15 80 - 1 4 0 - 9 3 16 297 - 3 2 1
- 2 7 15 5 6 160 - 7 3 16 175 2 0 3
2 7 15 3 1 9 • 3 1 8 - 3 3 l b 5 2 9 - 5 0 9
fa 7 15 2 4 1 2 2 9 - I 3 l b 1 0 5 86
• 3 « 15 2 5 4 2 0 2 1 3 l b 4 3 9 4 1 0
3 B 15 2 6 b 2 5 8 3 3 l b b lO - 5 9 7
- 1 2 0 Ifa 3 4 / - 3 1 2 7 3 Ifa 5 3 2 5 5 8
• 1 0 0 16 4 0 b - 3 9 1 9 3 16 3 1 6 • 3 0 6
- 8 0 16 7 5 0 7 49 - 1 0 4 l b 86 I b b
-fa U 1b 1 4 3 - 2 6 8 - 8 0 16 faflj - 6 7  6
- 4 0 l b 1 0 2 b - l 0 1 1 - 4 4 16 5 7 2 56  3
- 2 0 l b 9 6 3 9 5 6 - 2 4 l b 307 - 3 2 5
2 0 16 8 57 —87 0 0 4 l b 71 •  104
4 (I 16 5 3 2 5 b 2 2 4 l b 9 2 0 921
fa 0 l b 7 36 7h 4 4 4 l b 157 - 2 0 7
8 0 Ifa 7 4 3 - 7 5 3 fa 4 16 487 - 4  92
t o 0 1b 12fa - 1 1 8 B 4 16 5 6 « S b b
- 9 1 l b 3 09 - 3 0 1 - 7 5 l b 16 9 - 1 4 7
- 7 1 l b 5 3 2 5 3 5 - 3 5 16 4 9 6 4 7 6
•fa 1 16 13 2 2 5 3 - 1 6 16 2 5 0 • 2 3 2
•  3 1 l b 8 6 7 -Bfab 1 5 1b 2H3 •  2 6 0
*1 1 16 16 5 2 1 2 3 5 l b 4 3 0 4 3 3
1 1 1b 3 8 6 4 0 4 5 6 l b 15 5 - 3 0
3 1 16 4 2 3 - 4 0 9 7 5 1b 2 9 6 • 2 8 1
5 1 l b 2 4 2 •  2 4 9 - 8 fa 16 14 5 - 1 7 1
7 1 l b 44 1 447 - 4 fa l b 17 95
9 1 16 37 - 5 5 - 2 fa l b 19A • 2 1 3
11 1 l b 15 4 • 2 7 4 0 fa 16 94 74
- 1 0 2 l b 15 4 158 2 b 16 2 3 9 2 3 5
- 4 2 l b 8b — B4 - 5 7 Ifa 2T4 - 2 3 8
- 2 2 l b 2 4 2 2 1 8 - J 7 l b 6 0 2 6 0 2
2 2 l b 5 1 B - 5 0 3 - 1 7 l b 2 1 5 • 2 2 4
4 2 l b 2 2 6 - 2 3 0 1 7 16 45 7 - 4 7 3
b 2 l b 137 - 2 2 7 J 7 16 4 9 3 471
•  4 1 19 3 0 2 - 2 7 9 • 4 0 2 0 3 99 • 4 1 1
- 2 1 19 3 61 35 2 - 2 0 20 2 3 0 2 2 7
0 1 19 10 2 - 3 3 2 0 20 5 4 8 - 5 4 4
2 1 19 3 2 3 - 3 2 h 4 0 20 3 7 b 3 6 0
4 1 19 3 31 3 1 2 fa II 20 3 24 3 2 8
fa 1 19 2 6 5 2 6 5 - 7 1 20 2 1 5 2 1 6
8 1 19 311 - 3 1 7 - 3 1 20 327 —3 0 9
•  7 2 19 4 2 8 4 2 0 - 1 1 20 148 1 73
- 3 2 19 6 5 5 —fa4 3 1 1 20 193 2 1 2
- 1 2 19 3 1 6 3 1 7 J 1 20 4 5 7 - 4 4 4
1 2 19 4 3 0 4 2 7 7 1 20 2 5 9 2 b 5
3 2 19 b 14 - 6 0 3 0 2 20 13b - 3 4
5 2 19 125 20 2 2 20 137 - 4 4
7 2 19 5 b 9 5 4 9 b 2 20 79 - 2 8
• 8 3 19 2 3 2 - 2 3 4 • 3 3 2u 4 8 7 - 4 5 7
• 6 3 19 171 154 - 1 3 20 40 4 4 1 3
•  4 3 19 17 7 180 1 3 20 3 2 0 337
•  2 3 19 3 7 9 - 3 8 2 3 3 20 37 4 - 3 7  7
0 3 19 39 - I B 5 3 20 164 lBN
2 3 19 2 b 9 2b 7 - 4 4 20 59 2 3 3
4 3 19 2 5 4 - 2 4  2 - 2 4 20 5 2 3 - 5 0 8fa 3 19 2 0 3 - 2 0 B 0 4 20 . 59 I *- 7 4 19 157 14 2 2 4 20 4911 499
- 5 4 19 16 2 171 4 4 20 2 7 8 • 2 8 8
- 3 4 19 57 - 1 1 « 1 5 20 16B •  14 2
- 1 4 19 21 1 197 **£ 1 21 2 9 4 3 1 2
- 4 6 19 2 5 9 2 7 5 2 1 21 401 - 3 8 9
- 2 fa 19 3 9 8 - 4 0 2 4 1 21 241 197
0 fa 19 41 1 — J 2 21 4 7 4 •  4 6 8
2 6 19 4 1 3 4 5 9 — 1 2 21 4 1 9 407
4 5 19 17 b - 2 8 2 1 2 21 129 2 0 0
•  1 b 19 247 - 2 8 2 3 2 21 447 - a 2 b
1 fa 19 3 2 3 - 2 7 8 - 4 3 21 84 1 05
-fa 0 20 19 u - 2 6 1 - 2 3 21 351 - 3 1 0
- 1 1 22 I b b 151 1 I 2 2 1 43 141
A t o m i c  p o s i t i o n a l  p a r a m e t e r s  X 1 0 * * 9
I s o t r o p i c  t e m p a r a t u r e  f a c t o r  X 1 0 * * 3
Atom X 7 2 U
Pd 1 6 5 3 1 ( 1 ) 1 1 1 3 6 ( 1 ) 1 0 1 2 9 ( ) 9 2 ( 2 )
□ C l ) 1 7 0 3 1 ( 3 ) 1 2 5 1 3 ( 9 ) 1 0 9 3 3 ( 2 ) 6 7 ( 1 )
0 ( 2 ) 1 6 9 7 5 ( 3 ) 1 2 7 1 0 ( 9 ) 9 9 3 1 ( 2 ) 5 6 ( 1 )
0 ( 3 ) 1 9 3 7 3 ( 9 ) 7 1 1 9 ( 5 ) 7 6 6 0 ( 2 ) 6 6 ( 2 )
0 ( 9 ) 1 9 7 9 2 ( 9 ) 5b 3 7 ( 5 ) 6 9 9 5 ( 3 ) 6 5 ( 2 )
N ( l ) 1 6 9 3 1 (  3 ) 955  5 ( 6 ) 1 0 7 6 5 ( 2 ) 9 5 ( 1  )
N ( 2 ) 1 9 7 6 2 ( 9 ) 6 7 9 7 ( 6 ) 3 2 1 7 ( 3 ) 6 5 ( 2 )
C ( l ) 1 6 0 2 2 ( 3 ) 9 3 5 1 ( 5 ) 9 9 6 9 ( 2 ) 9 1 ( 1 )
C ( 2 ) 1 5 7 7 6 ( 3 ) 1 0 0 7 9 ( 5 ) 3 7 3 3 ( 2 ) 5 0 ( 2 )
C ( 3 ) 1 5 3 7 0 ( 9 ) 9 0 9 0 ( 5 ) 6 3 3 5 ( 3 ) 5 9 ( 2 )
C( A) 1 5 2 1 5 ( 9 ) 7 6 3 3 ( 6 ) 6 6 2 9 ( 3 ) 5 1 ( 2 )
C ( 5 ) 1 5 9 6 3 ( 9 ) 7 5 9 3 ( 5 ) 9 3 6 0 ( 3 ) 5 5 ( 2 )
C ( 6 ) 1 5 6 7 3 ( 3 ) 35 b 2 ( 5) 9 7 3 5 ( 3 ) 9 9 ( 2 )
C ( 7 ) 1 6 1 3 6 ( 3) 39 3 1 ( 5 ) 1 0 9 9 6 ( 2 ) 9 3 ( 1 )
c(a) 1 6 0 9 5 (  9 ) 7 2 5 9 ( 6 ) 1 0 9 0 6 ( 3 ) 6 1 ( 2 )
C ( 9 ) 1 6 3 0 2 ( 5 ) 7 3 0 5 ( 6 ) 1 1 6 1 6 ( 3 ) 6 6 ( 2 )
C ( 1 0 ) 1 6 6 6 6 ( 5 ) 6 9 3 2 ( 7 ) 1 1 9 0 1 ( 3 ) 6 9 ( 2 )
C ( l l ) 1 6 7 < * 1 (^ ) 9 5 3 1 ( 6 ) 1 1 9 6 7 ( 3 ) 5 5 (  2)
C ( 1 2 ) 1717<«( 9) 1 3 0 J 7 ( 5 ) 9 0 9 0 { 3 ) 5 2 ( 2 )
C(  1 3 ) 1 7 0 3 0 ( 6 ) 1 9 1 6 7 ( 6 ) 6 5 3 7 ( 9 ) 6 7 ( 3 )
*  E q u i v a l e n t  i s o t r o p i c  t e m p e r a t u r e  F a c t o r s  
T a b l e  2 » 3  :  A t o m i c  p o s i t i o n a l  p a r a m e t e r s  o f  I
A n i s o t r o p i c  t h e r m a l  p a r a m e t e r s  X 1Q S-3
Atom U l l  U 22 U33 U23 U13 U12
Pd 
0 ( 1 )  
0 ( 2 ) 
0(  3)  
0 ( 9 >  
N( 1)  
N( 2 )  
C( 1)
C ( 2  ) 
C{ 3 )
C ( ** J 
C( 5)
c m
C ( 7 ) 
C( 9)  
C ( 9 )  
C< 10)  
C( 1 1 )  
C ( 12 ) 
CC13)
3 3 ( 1 )  
6 7 ( 3 )  
9 r* ( 2 )  
1 0 7 ( 9 )  
i o i m  
3 K 2 )  
7 9 ( 3 )  
3 3 ( 2 )  
5 1 ( 3 )  
5 9 ( 3 )  
9 9 ( 3 )  
6 b ( 9 )  
9 3 ( 2 )  
3 6 ( 2 )  
7 9 ( 9 )  
7 6 (  9 ) 
6 7 ( 9 )  
5 5 ( 3 )  
**9(3)  
9 5 ( b )
*♦0 ( 1 )
5 3 ( 2 )  
9 7 ( 2 )  
1 0 3 ( 9 )  
5 1 ( 3 )  
9 9 ( 2 )  
b 7(  9 ) 
5 0 ( 3 )  
5 9 ( 3 )  
6 6 ( 9 )  
5 5 ( 3 )  
9 3 ( 3 )  
9 5 ( 2 )  
9 1 ( 2 )  
5 1 ( 3 )  
6 7 ( 9 )  
6 6 ( 9 )  
6 7 ( 9 )  
9 3 ( 3 )  
7 1 ( 5 )
9 3 ( 1 )
7 5 ( 3 )
7 9 ( 3 )
5 2 ( 2 )
9 5 ( 3 )
9 7 ( 2 )
5 5 ( 3 )
3 9 ( 2 )
9 5 ( 3 )
9 1 ( 3 )
5 0 ( 3 )
5 0 ( 3 )
9 5 ( 3 )
5 3 ( 3 )
5 9 ( 3 )
5 5 ( 3 )
5 9 ( 3 )
9 2 ( 3 )
6 6 ( 3 )
9 6 ( 5 )
- 5 ( 1 )
—2 0 ( 2 )
1 3 ( 2 )
- 2 1 ( 2 )
- 1 9 ( 3 )
3 ( 2 )
- 1 9 ( 3 )
3 ( 2 )
3 ( 2 )
- 1 1 (2 )
- 9 ( 2 )
- 2 ( 2 )
- 3 ( 2 )
9 ( 2 )
6 ( 3 )
1 3 ( 3 )
3 ( 3 )
3 ( 3 )
1 1 ( 2 )
9 0 ( 9 )
—2(  I )  
- 6 ( 2 ) 
- 7 ( 2 )  
- 1 3 ( 2 )  
- 1 3 ( 3 )  
- 6 ( 2 ) 
- 7 ( 2 )  
- 1 ( 2 ) 
- 5 ( 2 )  
- 5 ( 2 )  
- 9 ( 2 )  
3 ( 2 )  
- 9 ( 2 )  
9 ( 2 )  
- 7 ( 3 )  
- 9 ( 3 )  
- 1 2 ( 3 )  
- 6 ( 2 ) 
- 1 0 ( 2 ) 
- 9 ( 9 )
- 3 ( 1 )  
- 2 ( 2 ) 
3 ( 2 )  
- 1 9 ( 3 )  
- 3 ( 3 )  
3 ( 2 )  
3 ( 2 )  
- 3 ( 2 )  
- 9 ( 2 )  
2 ( 2 ) 
1 ( 2 ) 
- 3 ( 2 )  
2 ( 2 ) 
3 ( 3 )  
7 ( 2 )  
- 2 ( 3 )  
- 3 ( 3 )  
9 ( 3 )  
- 9 ( 3 )  
2 ( 9  )
T a b l e  2 * 9  5 A n i s o t r o p i c  t h e r m a l  p a r a m e t e r s  o f  I
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DISCUSSION
Compound I was prepared by a cyclopalladation reaction 
which is the most common reaction in cyclometallat i on. In
general, cyclometalation reactions involve the formation of 
a metal-carbon sigma bond by an organic ligand when it
undergoes intramolecular metalation.
The dimeric molecule I (fig. 2.1) sits on a crystallo-
graphic two-fold symmetry axis and consists of two square
planar Pd (II) moieties bridged by two acetate ligands. Two
cis-coordination sites are occupied by oxygen atoms from the
bridging acetate groups. The two remaining sites are
occupied by carbon atom C(l), of the benzene ring, para to a 
nitro group, and the nitrogen atom N(l) of the pyridyl 
group. The benzene ring and the pyridyl group are linked
together through C(6) of the benzene ring and C(7) of the
pyridyl group. Both are in the position o r tho to C(l) and
N(l) in their respective rings.
In solving this structure it was hoped to learn about
the metal-metal interaction, and also about the trans­
influence on the trans Pd-0 bonds through the influence of an 
aryl-carbon and an ary1-nitrogen.
The trans influence has been defined as 'the labiliza- 
tion of ligands trans to other, trans-directing ligands'^.
One form of this labilization is the lengthening of a bond 
relative to its anticipated length (longer than the sum of 
the two covalent radii).
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Several palladium dimers with acetate bridges are 
reported in the literature. In each of these dimers, the 
palladium atom has bonds to main group atoms such as C, N, S, 
P, Cl and Br, in addition to the two acetate-bridge bonds. 
Benzyl-carbon and phosphorus were reported to have the same 
trans-effect (ref. 17). This is inferred from the similar 
Pd-0 lengths (2.120(1)1 and 2.138(1)1). However, the 
trans-lengthening effect of a bonded aryl-carbon relative to 
that of a coordinated nitrogen is clearly true in such 
complexes. A difference of 0.092(2)1 between the two Pd-0 
bonds (ref. 18), 2.198(3)1 and 2.106(3)1, was taken as
evidence of a strong trans influence of the carbon atom of 
the norbornyl entity. An even larger difference was observed 
in an acetato-bridged palladium dimer with 2,6-diarylpyridine 
as the ligand (ref. 19). Pd-0 distances of (2.192(5)1, 
2.054(6)1) and (2.182(5)1 and 2.061(5)1) in the two square 
planes (ref. 17), present strong evidence of the trans 
influence. In the palladium dimer studied in this work, it 
was found that the Pd-0 distance trans to carbon is 2.14(2)1 
where as the Pd-0 distance trans to nitrogen is 2.03(1)1. 
A difference of 0.11(2)1 shows the greater trans-lengthening 
effect of the aryl-carbon relative to the aryl-nitrogen. 
Part of this ' trans-influence ’ may be due to the long range 
influence of the para nitro group.
The Pd-C bond length, 1.94(1)1, appears to be the 
shortest Pd~aryl carbon bond thus far observed (ref. 20, 
21). It is significantly shorter than the calculated bond
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length of 2 . 0 5 X  (based on the covalent radii of Pd(II),
1 . 3 l X  (ref. 2 2 ) ,  and C(SP3) - C(SP3 ), 1 . 5 3 7 X ,  and C(SP3)
C(SP2 ), l . S l o X  (ref. 2 2 ) .  The shortening in the Pd-aryl 
carbon bond is suggestive of partial multiple bond character 
as a result of pal 1adium-to-ary1 back-bonding. The differ­
ence of 0 , 1 1 ( 2 ) X  can be compared to a 0 . 0 5 ( 1 ) X  shortening in 
the Rh-C bond found in a Rh(II)-aryl carbon bond (ref. 2 3 ) .
The Pd-N bond length is 2 . 0 2 ( 2 ) X .  It is not signifi­
cantly longer than the calculated single bond value of 2 . 0 l X  
(based upon Pd(II), 1 . 3 l X ,  (ref. 2 2 )  and N(SP2 ), 0 . 7 0 X
(ref. 2 4 ) ) .  Any lengthening in this bond is insignificant 
compared to similar bonds found elsewhere ( 0 . 0 3 7 ( 3 ) X  in a 
Pd-dimer (ref. 1 9 )  and 0 . 0 5 ( 1 ) X  in a Rh-dimer (ref. 2 5 ) ) .
The Pd atom does not lie exactly in the coordination 
plane (defined by atoms 0 ( 1 ) ,  0 ( 2 ) ,  N(l) and C(l)). The four 
coordinated atoms lie within one e.s.d. (estimated standard 
deviation) of this plane while the Pd atom is situated at a 
distance of 0 . 0 5 1 ( l ) X  above the plane and in the direction of 
the second Pd atom. The geometry of the Pd coordination 
sphere is that of a pyramidal distortion, in contrast to the 
' '  distortion found in a similar Pd-dimer (ref. 1 9 ) .  The 
shift of the Pd atom toward the adjacent Pd atom may be due 
to the repulsion between ji-orbitals of the two bidentate 
phenyIpyridy1 ligands, rather than a Pd-Pd attraction.
T h e  f o u r  n o n - h y d r o g e n  a t o m s  o f  e a c h  o f  t h e  a c e t a t e
groups lie in a plane, and the two acetate planes subtend an 
0angle of 81.6. However, they are skewed with respect to the
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coordination planes. Each acetate plane makes angles of 
86.4° with one coordination plane (Pd) and 76.8° with the 
other (Pd ).
As can be seen in fig. 2.2, the coordination of the 
bidentate ligand to the palladium atom gives rise to a five 
membered ring in addition to the aryl and pyridyl rings. All 
three rings are individually planar within experimental 
error and mutually planar within 3°.
The coordination plane has dihedral angles of 2.3°, 4.6° 
and 3.7° with the five membered ring, the aryl and the 
pyridyl rings respectively.
The only substituent in this ligand is a nitro group on 
the phenyl ring para to palladium. The nitro group, along 
with carbon atom C(4) of the phenyl ring, lie in a plane that 
is not planar with the phenyl ring but makes an angle of 13° 
w i th i t.
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POES A METAL - METAL BOND EXIST?
The  d e c r e a s i n g  d i s t a n c e  b e t w e e n  t wo a t o m s  i n  a m o l e c u l e  
i s  u s u a l l y  t a k e n  a s  i n d i c a t i o n  o f  b o n d  f o r m a t i o n :  y e t ,
s o m e t i m e s ,  i t  i s  n o t .  C o n s i d e r i n g  t h e  c o v a l e n t  r a d i u s  o f  
P d ( I I )  t o  b e  1 . 3 l X .  ( r e f .  2 2 ) ,  t w o  p a l l a d i u m  a t o m s  2 . 6 2 &  
a p a r t  m i g h t  b e  c o n s i d e r e d  t o  b e  b o n d e d  t o  e a c h  o t h e r .
T h e  s t r u c t u r e s  o f  many a c e t a t e  b r i d g e d  p a l l a d i u m  d i m e r s  
h a v e  b e e n  s t u d i e d .  I n  t h e s e ,  t h e  p a l l a d i u m  a t o m  s e p a r a t i o n s  
r a n g e  f r o m  2 . 84 . X t o  o v e r  3 . 4 & .  I n  s y n - t r a n s - d i - a c e t a t o - b i s  
[ 0 - ( t - b u t y 1 - 0 - t o l y p h o s p h i n o ) b e n z y l ]  d i p a l l a d i u m  ( I I ) ,  t h e  
P d - P d  d i s t a n c e  i s  3 . 4 1 3 ( 4 ) X  ( r e f .  17)  a n d  w a s  i n t e r p r e t e d  t o  
be  n o n - b o n d i n g .  I n  a n o t h e r  d i m e r ,  a l s o  w i t h  t wo  s u b s t i t u t e d  
p h o s p h i n e  l i g a n d s  ( r e f .  2 6 ) ,  a P d -P d  d i s t a n c e  o f  2 . 9 4 4 ( 3 ) &  
w a s  s t i l l  c o n s i d e r e d  t o  b e  a n o n - b o n d e d  d i s t a n c e .  I n  a 
p a l l a d i u m  d i m e r  s i m i l a r  t o  I  b u t  w i t h  a c h l o r o p h e n y l  s u b s t i ­
t u e n t  o n  t h e  a r y l  r i n g ,  a d i s t a n c e  o f  2 . 9 0 6 ( 4 ) X  ( r e f .  1 9 )  i s  
a l s o  c o n s i d e r e d  n o n - b o n d i n g .  H o w e v e r ,  i n  a n - a l l y l  p a l l a ­
d i u m  a c e t a t e  d i m e r  ( r e f .  2 7 )  a d i s t a n c e  o f  2 . 9 4 { 2 ) X  w a s  
i n t e r p r e t e d  t o  r e p r e s e n t  a m e t a l - m e t a l  b o n d .  An e v e n  l o n g e r  
P d - P d  d i s t a n c e ,  2 . 9 6 ( 4 ) X  ( r e f .  1 8 ) ,  w a s  c o n s i d e r e d  t o  r e p r e ­
s e n t  a s t r o n g  i n t e r a c t i o n  b e t w e e n  t h e  Pd a t o m s .  C o n t r a r y  t o  
t h e  l a s t  t wo  r e f e r e n c e s ,  d i s t a n c e s  o f  2 . 8 7 1 ( 2 ) X  a n d  2 . 8 4 2 ( 2 ) X  
( r e f .  2 0 )  i n  [ P d ( 2 - p - t o l y l b e n z t h i o z o l e ) OAc ]2  a n d  [ P d ( 2 - p -  
t o l y I b e n z o a z o l e ) 0 A c ] 2 , w e r e  r e g a r d e d  a s  n o n - b o n d i n g .
I t  i s  c l e a r  s o  f a r  t h a t  t h e r e  i s  no  s o l i d  i n d i c a t i o n  o f  
w h e t h e r  t h e  m e t a l - m e t a l  b o n d  e x i s t s  i n  t h o s e  a c e t a t e  b r i d g e d  
Pd d i m e r s ;  a n d ,  c o n s i d e r i n g  t h e  a b o v e  m e n t i o n e d  c o n t r a d i c t i n g
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c o n c l u s i o n s ,  t h e  Pd a t o m s  s e p a r a t i o n  d i s t a n c e  a l o n e  i s  n o t  a 
s u f f i c i e n t  p r o o f  o f  t h e  e x i s t e n c e  o f  a m e t a l - m e t a l  b o n d .
I n  c o m p o u n d  I ,  t h e  P d - P d  d i s t a n c e  i s  2 . 8 2 2 ( 6 ) A ,  t h e
s h o r t e s t  P d - P d  d i s t a n c e  y e t  o b s e r v e d  i n  d i m e r s  o f  t h i s
13t y p e .  T h e r e  a r e  t h r e e  f a c t o r s  t h a t  a f f e c t  t h e  s e p a r a t i o n
o f  t h e  t wo  Pd a t o m s .  F i r s t ,  a m e t a l - m e t a l  b o n d  c o u l d  b r i n g  
t h e  a t o m s  c l o s e r  t o g e t h e r .  S e c o n d ,  t h e  u n s t r a i n e d  g e o m e t r y  
o f  t h e  t wo  a c e t a t e  b r i d g e s  c o u l d  b r i n g  t h e m  a s  c l o s e  a s  2 . 7 X  
t o  e a c h  o t h e r  e v e n  w i t h o u t  a b o n d .  The  t h i r d  i s  t h e  r e p u l ­
s i o n  b e t w e e n  t h e  t wo  b i d e n t a t e  l i g a n d s  w h i c h  w i l l  i n c r e a s e  
t h e  P d - P d  d i s t a n c e  r e p u l s i o n  b e t w e e n  t h e  t w o  b i d e n t a t e  
l i g a n d s  i s  o b s e r v e d  w h e n  t h e  d i s t a n c e  s e p a r a t i n g  t h e m  b e c o m e s
l e s s  t h a n  t h e  sum o f  t h e i r  v a n  d e r  w a a l  r a d i i  ( v a n  d e r  w a a l
5 2r a d i u s  o f  a b e n z e n e  r i n g  i s  h a l f  t h e  t h i c k n e s s  o f  t h e  
n - e l e c t r o n  c l o u d ,  1 . 7 X ) .  P r o b a b l y  t h e  f i r s t  t w o  f a c t o r s  
c o u l d  o v e r c o m e  t h e  e f f e c t  o f  t h e  t h i r d ,  m e a n i n g  t h a t  t h e  
b r i d g e  g e o m e t r y  a n d  a b o n d  b e t w e e n  t h e  Pd a t o m s  w o u l d  c o u n t e r  
t h e  l e n g t h e n i n g  e f f e c t  i n d u c e d  b y  t h e  r e p u l s i o n  o f  t h e  
b i d e n t a t e  l i g a n d s  a n d  c o u l d  b r i n g  t h e  Pd a t o m s  a s  c l o s e  a s  
2 . 7 l  o r  l e s s .  B u t  t h e  s t r u c t u r e  d o e s  n o t  show a n y  s i g n  o f  
f a v o r i n g  t h e  b r i d g i n g  g e o m e t r y  a n d  t h e  m e t a l - m e t a l  b o n d .  The  
s h o r t e s t  d i s t a n c e  s e p a r a t i n g  t h e  t wo  b i d e n t a t e  l i g a n d s  i s  
3 . 3 8 ( 3 ) X .  T h i s  v a l u e  i s  w i t h i n  o n e  e . s . d .  o f  t h e  c o n t a c t  
d i s t a n c e  a l l o w e d  b y  v a n  d e r  w a l l  i n t e r a c t i o n  ( 3 . 4 X ) .  The  
a n g l e  O -C -O  o f  t h e  b r i d g i n g  a c e t a t e  i s  1 2 5 . 7 °  ( 6 )  i n s t e a d  o f
b e i n g  1 2 0 °  ( S P ^  h y b r i d i z a t i o n  a n g l e ) .  Th e  l a r g e r  v a l u e  o f  
a n g l e  0 -C —0 d i m i n i s h e s  t h e  c h a n c e s  o f  t h e  m e t a l - m e t a l  b o n d
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a n d  p u t s  m o r e  i m p o r t a n c e  o n  t h e  e f f e c t  o f  t h e  r e p u l s i o n  
b e t w e e n  t h e  b i d e n t a t e  l i g a n d s .  T h i s  i s  n o t  t o  s a y  t h a t  t h e r e  
i s  no  i n t e r a c t i o n  b e t w e e n  t h e  Pd o r b i t a l s .  I t  i s  p o s s i b l e  
t h a t  t h e r e  i s  a b o n d  o f  o r d e r  ' z e r o '  b e t w e e n  t h e m .  T h i s  
b e c o m e s  c l e a r  b y  c o n s t r u c t i n g  t h e  q u a l i t a t i v e  m o l e c u l a r  
o r b i t a l  d i a g r a m .  P d ( I I )  i s  a d® s y s t e m .  T h e  d - o r b i t a l s
i n t e r a c t  i n  t h e  way show n  i n  F i g .  2 A . The s i x t e e n  e l e c t r o n s  
o f  t h e  t w o  Pd  a t o m s  f i l l  i n  e q u a l  n u m b e r  o f  b o n d i n g  a n d  
a n t i b o n d i n g  a a n d  n o r b i t a l s  i m p l y i n g ,  i f  t h e r e  i s  a n y  c h a n c e  
f o r  a P d -P d  b o n d  t o  e x i s t ,  t h a t  i t  w o u l d  be  o f  o r d e r  z e r o .  
The  a c t u a l  e x i s t e n c e  o f  a n e t  a t t r a c t i v e  ( o r  r e p u l s i v e )  f o r c e  
d e p e n d s  o n  t h e  r e l a t i v e  b o n d i n g  a n d  a n t i b o n d i n g  e n e r g i e s .
Fig. Z A :
Energy level diagram of a square planar d ;system.
Fig. 2.3 • Stereo view of the packing diagram of compound I.
CHAPTER I I I
33
INTRODUCTION
One o f  t h e  t e c h n i q u e s  u t i l i z e d  i n  t h e  s t u d y  o f  c a r b o h y ­
d r a t e s  i s  t o  m o d i f y  t h e  p a r e n t  c o m p o u n d ;  t h e  p r o p e r t i e s  o f  
t h e  new m o d e l  a r e  c o m p a r e d  w i t h  t h e  p a r e n t .  L a m b e r t  a n d
o fiW h a r r y  r e p l a c e d  t h e  r i n g  o x y g e n  a t o m i n  D - g l u c o p y r a n o s e
w i t h  s u l f u r  t o  p r o d u c e  5 - t h i o - D - g l u c o p y r a  n o s e  . T h i s  m o d e l  
c o m p o u n d  h a s  b e e n  f o u n d  t o  h a v e  a v a r i e t y  o f  p h y s i o l o g i c a l  
a c t i v i t e s  t h a t  w e r e  n o t  o b s e r v e d  i n  t h e  o r i g i n a l  c o m p o u n d .  
T o u n a t h a n  e_t a_l. r e p l a c e d  t h e  r i n g  o x y g e n  i n  p - D - g l u c o p y -  
r a n o s e  w i t h  a CHj  g r o u p  t o  f o r m  p s e u d o - 0 - D - g l u c o p y r a n o s e .
T h i s  m o d e l  wa s  s t u d i e d  a s  a n  a n a l o g u e  t o  p - D - g l u c o s e ,  b u t  no 
r e a c t i o n  w a s  d e t e c t e d  b e t w e e n  t h i s  m o d e l  a n d  ATP i n  t h e  
p r e s e n c e  o f  h e x o k i n a s e .  T h e  s a me  i n a c t i v i t y  w a s  o b s e r v e d
i n  t h e  r e a c t i o n  w i t h  g l u c o s e  o x i d a s e .
The  r e p l a c e m e n t  o f  t h e  r i n g  o x y g e n  a t o m w i t h  a CHj g r o u p  
i n t r o d u c e s  t wo c h a n g e s  t o  t h e  a n a l o g u e  a s  c o m p a r e d  t o  t h e  
p a r e n t  c o m p o u n d :  ( 1 )  a n  e l e c t r o n i c  c h a n g e  d u e  t o  t h e
d i s a p p e a r a n c e  o f  t h e  t w o  l o n e  p a i r s  o f  e l e c t r o n s  o n  t h e  
o x y g e n  a t o m ,  a n d  ( 2 )  a s t e r i c / c o n f o r m a t i o n a l  c h a n g e  due  t o  
t h e  s i z e  d i f f e r e n c e  b e t w e e n  a n  o x y g e n  a t o m  a n d  t h e  CH2 
g r o u p .  I n  a d d i t i o n ,  d i f f e r e n c e s  o c c u r  i n  b o n d  l e n g t h s  a n d  
b o n d  a n g l e s  a s s o c i a t e d  w i t h  t h i s  r e p l a c e m e n t .
C r y s t a l s  o f  t h e  a c e t o - d e r i v a t i v e  w e r e  p r o d u c e d  ( t h e  
t i t l e  c o m p o u n d ,  VI )  f o r  s i n g l e  c r y s t a l  X - r a y  s t u d i e s .  The  
m a i n  o b j e c t i v e  o f  t h i s  s t u d y  wa s  t o  i n v e s t i g a t e  t h e  c o n f o r m a ­
t i o n  a d o p t e d  by  t h e  r i n g  i n  t h e  c r y s t a l l i n e  p h a s e .
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EXPERIMENTAL
C o l o r l e s s ,  c l e a r  c r y s t a l s  o f  p s e u d o  p e n t a - O - a c e t y l  p -D , 
L - G l u c o p y r a n o s e  w e r e  p r o v i d e d  by Dr .  E z z a t  S.  Y o u n a t h a n  f o r  
s i n g l e  c r y s t a l  X - r a y  s t u d y .  A c r y s t a l  o f  d i m e n s i o n  0 . 3  z 0 . 3  
z  0 . 3 6  mm wa s  m o u n t e d  i n  r a n d o m  o r i e n t a t i o n  on  a g o n i o m e t e r  
b e a d .  The  c r y s t a l  wa s  s t a b l e  a t  r oom t e m p e r a t u r e .
T w e n t y - f i v e  w e l l  c e n t e r e d  r e f l e c t i o n s  w e r e  l o c a t e d  b y  
p r o g r a m  SEARCH*® a n d  u s e d  f o r  p r e l i m i n a r y  d e t e r m i n a t i o n  o f  
t h e  u n i t  c e l l  d i m e n s i o n s .  The  u n i t  c e l l  o b t a i n e d  by i n d e z i n g  
t h e s e  r e f l e c t i o n s  h a s :  a = 8 . 2 7 8 ( 2 ) A ,  b = 1 1 . 5 9 1 ( 9 ) X ,
c =» 2 2 . 0 3 8 ( 2 ) & ,  a  = 7 5 . 6 4 ( 7 ) ® ,  p = 8 9 . 9 7  (5)® a n d  
% = 8 9 . 9 9 ( 4 ) °  . T h i s  s u g g e s t s  a m o n o c l i n i c  l a t t i c e .  The  
t r a n s f o r m a t i o n  m a t r i z ,  u s e d  t o  r e o r i e n t  t h e  u n i t  c e l l  t o  
s t a n d a r d  m o n o c l i n i c  f o r m  w a s :
0 1 0  
1 0  0 
0 0 - 1
A s u r v e y  o f  118  r e f l e c t i o n s  wa s  p e r f o r m e d  i n  o r d e r  t o  
c h o o s e  a s e t  o f  25 s t r o n g  r e f l e c t i o n s  f o r  a b e t t e r  d e t e r m i n a ­
t i o n  o f  t h e  u n i t  c e l l  d i m e n s i o n s  ( t a b l e  3 . 1 ) .  T h i s  s e t  o f  
i n t e n s i t y  d a t a  a l s o  r e v e a l e d  t h e  a b s e n c e  o f  any  p o s s i b l e  
l a t t i c e  c e n t e r i n g .  The o h o  r e f l e c t i o n s  w e r e  m e a s u r e d  a n d  
r e v e a l e d  t h e  p r e s e n c e  o f  a t w o - f o l d  s c r e w  a z i s  a l o n g  t h e  b 
d i r e c t i o n ,  b e c a u s e  a l l  oho  r e f l e c t i o n s  w i t h  o d d  v a l u e s  o f  h 
w e r e  a b s e n t .  The  s p a c e  g r o u p  wa s  d e t e r m i n e d  a f t e r  t h e  f u l l
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CRYSTAL DATA
F o r m u l  a
F o r m u l a  W e i g h t  
C e l l  C o n s t a n t s
a  ( A )
b  ( A )  
c  ( A )
0  ( A )
V o l u me  ( A ) 3
z ( m o l e c u l a r / c e l l )  
D e n s i t y  ( g / c m 3 )
S p a c e  g r o u p  
C r y s t a l  s i z e  (mm)
M C u  -  Ka > ( A)
C17 ° 1 0  H2 4 
3 8 8 . 4 1
1 1 . 5 8 0 ( 2 )
8 . 2 7 6 ( 1 )
2 2 . 0 3 1 ( 1 )
1 0 4 . 3 3 ( 1 )
2 0 4 5 . 7 ( 7 )
4
1 . 2 6  
p 2 i i1 / c
0 . 3  x  0 . 3  z  0 . 3 6  
1 . 5 4 1 8 4
Mi n i mum t r a n s m i s s i o n  9 2 . 4 %
Maximum t r a s m i s s i o n  9 9 . 8 8 %
R e f l e c t i o n s  m e a s u r e d  2 9 7 6
I  > 3 cr ( I ) 1543
R = J l  i F o l  -  | F c |  I /  ^  i F o l  0 . 0 4 9
Rw = ( J w t l F o l  -  | F c I ) 2 / J w l F o l 2 ) 1 / 2  0 . 0 5 4
T a b l e  3 . 1 :  C r y s t a l  d a t a  o f  Compound  VI
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s e t  o f  i n t e n s i t y  d a t a  wa s  c o l l e c t e d .  I n s p e c t i o n  o f  t h e  h o i  
d a t a  r e v e a l e d  t h a t  a l l  r e f l e c t i o n s  w i t h  o dd  v a l u e s  o f  1 w e r e  
a b s e n t .  T h i s  i s  a n  i n d i c a t i o n  o f  t h e  p r e s e n c e  o f  a g l i d e  
p l a n e  p e r p e n d i c u l a r  t o  t h e  b d i r e c t i o n  w i t h  t r a n s l a t i o n  a l o n g  
t h e  c. d i r e c t i o n .  K n o w l e d g e  o f  t h e s e  s y s t e m a t i c  a b s e n c e s  
u n i q u e l y  i d e n t i f i e s  t h e  s p a c e  g r o u p  t o  be  P 2 ^ / c .
The  i n t e n s i t y  d a t a  w e r e  m e a s u r e d  o n  a n  E n r a f - N o n i u s  
d i f f r a c t o m e t e r  u s i n g  C u-K a  r a d i a t i o n  f o r  r e f l e c t i o n s  i n  t h e  
r a n g e  2°  < 2 6  < 7 5 ° .  The  d a t a  w e r e  c o l l e c t e d  i n  t h e  - f h ,  + k ,  
±1 q u a d r a n t s .  R e f l e c t i o n s  ( 1 0 0 ) ,  ( 0 2 0 )  a n d  ( 0 0 6 )  w e r e  u s e d
f o r  i n t e n s i t y  s t a n d a r d  c o n t r o l .  R e f l e c t i o n s  ( 5 4  1 )  a n d  (1 4 
1 0 )  w e r e  u s e d  f o r  o r i e n t a t i o n  c o n t r o l .  The  i n t e n s i t i e s  o f  
t wo r e f l e c t i o n s  n e a r  Ch i  = 90°  (1 1 3  a n d  2 1 4 )  w e r e  m e a s u r e d
a f t e r  d a t a  c o l l e c t i o n  u s i n g  i n c r e m e n t a l  P s i  v a l u e s  o f  1 0 ° .  
T h u s ,  a l i n e a r  d e c a y  c o r r e c t i o n  a n d  a n  e m p i r i c a l  a b s o r p t i o n  
c o r r e c t i o n  c o u l d  be  a p p l i e d  t o  t h e  d a t a ,  i n  a d d i t i o n  t o  t h e  
s t a n d a r d  L o r e n t z  a n d  p o l a r i z a t i o n  c o r r e c t i o n s .  T h e  r a w  
i n t e n s i t y  d a t a  w e r e  r e d u c e d  a n d  m e r g e d  u s i n g  t h e  DATARD^® 
p r o g r a m  o f  t h e  SDP s e t  o f  p r o g r a m s  a v a i l a b l e  on t h e  PDP 1 1 / 3 4  
c o m p u t e r .
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STRUCTURE SOLUTION AND REFINEMENT
T h e  s t r u c t u r e  w a s  s o l v e d  u s i n g  t h e  D i r e c t  M e t h o d s
p r o g r a m  MULTAN77^®.  S t a t i s t i c a l  a n a l y s i s  o f  t h e  n o r m a l i z e d  
s t r u c t u r e  f a c t o r s  ) s h o w e d  t h e m  t o  h a v e  a c e n t r o s y m -
m e t r i c  d i s t r i b u t i o n .  The  t e m p e r a t u r e  f a c t o r  d e t e r m i n a t i o n  
f r o m  t h e  W i l s o n  p l o t  w a s  4 . 9  a n d  t h e  s c a l e  f a c t o r  w a s  
0 . 3 2 8 6 .  The  a v e r a g e  v a l u e s  o f  f o r  t h e  p a r i t y  g r o u p s  a r e
l i s t e d  i n  t a b l e  3 . 2 .
T h e  l a r g e s t  2 6 0  E - v a l u e s  a s  w e l l  a s  t h e  50  s m a l l e s t  
E - v a l u e s  w e r e  u s e d  f o r  p h a s e  d e t e r m i n a t i o n .  A p p l i c a t i o n  o f  
t h e  ^  r e l a t i o n s h i p ^  g a v e  r i s e  t o  t wo  a s s i g n m e n t s  o f  1 8 0 °  
( f o r  0 2 0 )  a n d  3 6 0 °  ( f o r  6 0 2 0 )  w i t h  p r o b a b i l t i e s  o f  0 . 9 9 6
a n d  0 . 9 9 9  r e s p e c t i v e l y .  The  n u m b e r  o f  r e l a t i o n s h i p s  d e t e r ­
m i n e d  by  t h e  ^  r e l a t i o n s h i p ^  i s  2 4 6 0 .
S p a c e  g r o u p  P 2 ^ / c  r e q u i r e s  t h r e e  r e f l e c t i o n s  f o r  o r i g i n  
d e f i n i t i o n .  T h e s e  w e r e  c h o s e n  by t h e  p r o g r a m  t o  be
h k 1. nh  i
3 6 10 3 6 0 °
3 7 4 360®
7 5 5 360®
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1 . 0 1 7  
0 . 9 8 5  
1 . 0 4 0  
1 . 0 6 7  
1 . 010  
1 . 1 6 3  
1 . 0 5 9  
0 . 9 7 9  
0 . 8 6 7
T a b l e  3 . 2 :  A v e r a g e  v a l u e  o f  E^ f o x  p a r i t y  g r o u p s  o f  V I .
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S y s t e m a t i c  p e r m u t a t i o n  o f  t h e  p h a s e s  a n d  a p p l i c a t i o n  o f  
t h e  t a n g e n t  f o r m u l a  g a v e  r i s e  t o  32  p h a s e  s e t s .  Co mb i n e d  
f i g u r e s  o f  m e r i t  f o r  t h e  32 s e t s  r a n g e d  f r o m  0 . 3 4 5 5  t o  
2 . 2 6 2 3 .  T h e  E - m a p  g e n e r a t e d  by  t h e  s e t  w i t h  t h e  h i g h e s t  
c o m b i n e d  f i g u r e  o f  m e r i t  g a v e  a c o m p l e t e  i m a g e  o f  t h e  
m o l e c u l e  w i t h  a l l  n o n - h y d r o g e n  a t o m s  a c c o u n t e d  f o r .
Th e  p o s i t i o n s  o f  a l l  c a r b o n  a n d  o x y g e n  a t o m s  w e r e  
r e f i n e d  f o r  s e v e r a l  c y c l e s  b y  t h e  w e i g h t e d ,  f u l l - m a t r i x  
1 e a s t - s q u a r e s  p r o c e d u r e  u n t i l  no mo r e  s h i f t s  w e r e  o b s e r v e d  i n  
t h e i r  p o s i t i o n a l  o r  a n i o s o t r o p i c  t h e r m a l  p a r a m e t e r s .  At  t h i s  
s t a g e  o f  t h e  s t r u c t u r e  r e f i n e m e n t ,  a l l  n o n m e t h y l  h y d r o g e n  
a t o m  p o s i t i o n s  w e r e  c a l c u l a t e d  a s s u m i n g  SP^ c o n f i g u r a t i o n  
a r o u n d  a l l  c a r b o n  a t o m s ,  a n d  w e r e  g i v e n  a f i x e d  i s o t r o p i c  
t h e r m a l  p a r a m e t e r .  T h e s e  c a l c u l a t i o n s  w e r e  c a r r i e d  o u t  by
o  g
p r o g r a m  HYDRO i n  t h e  SDP p a c k a g e .  H o w e v e r ,  m e t h y l  h y d r o g e n  
a t o m  p o s i t i o n s  w e r e  d e t e r m i n e d  b y  a s l i g h t l y  d i f f e r e n t  
m e t h o d .  T h e  d i f f e r e n c e  f o u r i e r  map wa s  c a l c u l a t e d  a n d  one  








c a r b o n )  wa s  u s e d  t o  c a l c u l a t e  t h e  p o s i t i o n s  o f  t h e  o t h e r  t wo  
h y d r o g e n  a t o m s .  T h e n ,  t h e  c a l c u l a t e d  p o s i t i o n s  o f  t h e s e  t wo  
h y d r o g e n  a t o m s  w e r e  u s e d  t o  i d e a l i z e  t h e  p o s i t i o n  o f  t h e  
h y d r o g e n  a t o m  c h o s e n  f r o m  t h e  d i f f e r e n c e  f o n r i e r  ma p .  T h i s  
p r o c e d u r e  wa s  a p p l i e d  t o  e a c h  o f  t h e  f i v e  m e t h y l  g r o u p s .  
T h i s  m o d e l ,  c o n s i s t i n g  o f  a l l  n o n - h y d r o g e n  a t o m s  a l o n g  w i t h  
t h e  c a l c u l a t e d  h y d r o g e n  a t o m s ,  wa s  r e f i n e d .  A d i f f e r e n c e  map 
r e v e a l e d  t h e  p r e s e n c e  o f  s i g n i f i c a n t  e l e c t r o n  d e n s i t y  a r o u n d  
e v e r y  m e t h y l  c a r b o n  a t o m .  T h i s  s u g g e s t s  t h e  p o s s i b i l i t y  t h a t  
a l l  m e t h y l  h y r o g e n  a t o m s  a r e  d i s o r d e r e d .  The  p o s i t i o n s  o f  
t h r e e  o t h e r  h y d r o g e n  a t o m s  w e r e  c a l c u l a t e d  f o r  e a c h  m e t h y l  
c a r b o n .  T h i s  new m e t h y l  g r o u p  i s  r o t a t e d  t h r o u g h  6 0 °  w i t h  
r e s p e c t  t o  t h e  o r i g i n a l ,  a n d  a l l  h y d r o g e n  a t o m s  w e r e  g i v e n  
h a l f - w e i g h t .  The  new mo d e l  w a s  r e f i n e d  by  l e a s t - s q u a r e s ,  a n d  
s h o w e d  a s i g n i f i c a n t  d r o p  i n  t h e  R - v a l u e .  The  t wo s e t s  o f  
m e t h y l  h y d r o g e n  h a l f - a t o m s  ( t h e  p r i m e  s e t  a n d  t h e  u n p r i m e d  
s e t  i n  t a b l e  3 . 3 )  a r e  r e l a t e d  by  r o t a t i o n  a r o u n d  a n  a x i s  t h a t  
c o i n c i d e s  w i t h  t h e  b o n d  b e t w e e n  t h e  m e t h y l  a n d  c a r b o n y l  
c a r b o n  a t o m s .  T h u s  t h e  b e s t  r e p r e s e n t a t i o n  o f  t h e  m e t h y l  
h y d r o g e n  a t o m s  may b e  a c l o u d  o f  t h r e e  e l e c t r o n s  i n  t h e  f o r m  
o f  a r i n g ,  s i n c e  t h e  m e t h y l  g r o u p s  p r o b a b l y  r o t a t e  f r e e l y .
T h e  l a r g e s t  e l e c t r o n  d e n s i t y  i n  t h e  f i n a l  d i f f e r e n c e  
f o n r i e r  map i s  0 . 3 6  e . ® T h e  u n w e i g h t e d  R—v a l u e  i s  0 . 0 4 9
a n d  t h e  w e i g h t e d  R - v a l u e  (Rw) i s  0 . 0 5 4  f o r  a l l  r e f l e c t i o n s  
w i t h  I  > 3 o ( I ) .  T h e  a t o m i c  p o s i t i o n a l  p a r a m e t e r s  a n d
a n i s o t r o p i c  t h e r m a l  p a r a m e t e r s  a r e  l i s t e d  i n  T a b l e  3 . 3  a n d  
3 . 4 .  T a b l e  3 . 6  c o n t a i n s  t h e  o b s e r v e d  a n d  c a l c u l a t e d  s t r u c —
* %
t  vi r i f a c t o r s .
Atom X y z
O il 0 . 126BC2) 1 .1114(3)• 0 .4747(1)
012 0 .2469(3) 1.3175(4) 0 .4691(2)
021 0 .0766(2) 0 .9144(3) 0 .3720(1)
022 -0 .0 0 2 8 (3 ) 0 .6943(3) 0 .4047(1)
031 -0 .1 7 0 7 (2 ) 0 .9178(3) 0 .2993(1)
032 -0 .0 5 8 6 (2 ) 0,B7B6(4) 0 .2304(1)
041 -0 .2 6 7 9 (2 ) 1.2310(3) 0 .27B 0(1)
042 -0 .4 3 4 7 (3 ) 1.1577(4) 0 .3056(1)
061 -0 .2 9 3 5 (2 ) 1.3507(3) 0 .4280(1)
062 -0 .4 5 1 3 (3 ) 1.5105(4) 0 .3972(2)
Cl 0.0444(3) 1.1649(5) 0 .4174(2)
C2 -0 .0152 (3 ) 1.0150(5) 0 .3858(2)
C3 -0 .1041(3 ) 1.0606(5) 0 .3254(2)
C4 -0 .1 9 5 2 (3 ) 1.1787(5) 0 .3380(2)
C5 -0 .1 3 8 7 (3 ) 1.3268(5) 0 .3740(2)
C6 -0 .2 3 4 1 (4 ) 1.4386(5) 0 .3882(2)
C7 -0 .0 4 6 7 (3 ) 1.2770(5) 0 .4335(2)
C ll 0 .2255(4) 1.1947(5) 0 .4952(2)
C12 0 .3038(4) 1.1311(5) 0 .5540(2)
C21 0 .0753(4) 0 .7558(5) 0 .3861(2)
C22 0.1815(4) 0 .6730(5) 0 .3738(2)
C31 -0 .1399(3 ) 0 .8400(5) 0 .2520(2)
C32 -0 .2201(4 ) 0 .6979(6) 0 .2306(2)
C41 -0 .3 8 7 5 (4 ) 1.2161(6) 0 .2677(2)
C42 -9 .4 4 8 9 (4 ) 1.2836(7) 0 .2063(2)
C61 -0 .4 0 4 4 (4 ) 1.3983(6) 0 .4267(2)
C62 -0 .4 5 9 3 (4 ) 1.2924(6) 0 .4661(3)
Table 3 . 3  : Atomic positional parameters of 
compound VI.
fHom X y z B.A2 fltoi
HI 0.B97B 1.2279 0.3881 5 .0 H33‘
H2 -0 .0 5 0 6 0 .9542 0 .4 1 4 8 5 .0 H42
H3 -0 .0 5 6 5 1.1111 0 .2 9 5 2 5 .0 H43
H4 -0 .2 4 4 7 1.1200 0 .3 6 5 5 5 .0 H42
H5 -0 .0 9 3 9 1.3922 0 .3 4 5 9 5 .0 H43
HS1 -0 .2 9 5 5 1.4712 0 .3 4 6 4 5 .0 H52
H62 -0 .1 9 4 1 1.5431 0 .4 1 1 2 5 .0 H53
H71 -0 .0 0 3 6 1.3805 0 .4 5 5 7 5 .0 H52
H72 -0 .0 9 0 0 1.2174 0 .4 6 3 7 5 .0 H53
HI 1 0.2581 1.1343 0 .5 8 9 7 5 .0 H12
H13 0.380B 1.2026 0 .5 6 7 0 5 .0 H13
H IT 0.3901 1.1137 0 .5 4 8 0 5 .0 H22
H12' 0 .2699 1.0205 0 .5653 5 .0 H21
H21 0 .1950 0 .7 1 2 7 0.330B 5 .0 H31
H23 0 .1675 0 .5 4 7 5 0.3721 5 .0 H311
H22' 0 .2525 0 .7 5 5 2 0 .3799 5 .0 H41
H23' 9 .1607 0 .6 2 9 0 0 .3276 5 .0 H41‘
H32 -0 .3 0 0 5 0 .7 3 7 9 0 .2009 5 .0 H51
H33 -0 .2 3 7 7 0 .6 3 5 6 0 .2 6 3 7 5 .0 H51‘
H32' -0.3BB5 0 .7 1 4 3 0 .2430 5 .0
The form o f the  
o x p [-C B (l.I )* h 2
a n is o tr o p ic  
+ B (2,2)*K 2
thermal param eter Is:
+ B (3 ,3 )* I2  + B ( l,2 )* h k + B ( l ,3 )* h l
Table 3.3 cont.
X y z b , a;
-0 .1 7 3 2 0 .5 9 2 0 0 .2 5 1 4 5 .0
-0 .4 1 9 3 1.4022 0 .2025 5 .0
-0 .5 4 1 3 1.2843 0 .2020 5 .0
-0 .5 1 0 3 1.3717 0 .2 1 2 4 5 .0
-0 .4 9 4 2 1.1908 0 .1775 5 .0
-0 .4 1 1 9 1.3032 0 .5132 5 .0
-0 .4 5 6 4 1.1719 0 .4516 5 .0
-0 .3 9 7 8 1.2034 0 .4873 5 .0
-0 .5 3 5 5 1.2369 0.4381 5 .0
0.327B 1 .0114 0.5471 5 .0
0 .3067 1.2142 0 .5 9 0 4 5 .0
0 .2 5 7 0 0 .7 0 0 4 0 .4099 5 .0
0 .2062 0 .5 7 6 3 0 .4052 5 .0
-0 .1 7 8 2 B.616B 0 .2063 5 .0
-0 .2 3 7 S 0.6B 79 0 . IB17 5 .0
-0 .4 2 9 9 1.2123 0 .1705 5 .0
-0 .3 8 6 1 1 .3363 0.1B52 5 .0
-0 .5 4 8 3 1.3270 0 .4615 5 .0
-0 .4 0 3 4 1.3619 0 .5 0 0 9 5.B
B < 2 , 3 ) * k t n .
Home LK1.1) U(2.2) U(3,3) LK1.2) U ( 1.3) U(2,3)
Cl 0 .0 5 6 (2 ) 0 . 0 5 1 (3 ) 0 . 0 4 9 (2 ) - 0 . 0 0 1 ( 2 ) 0 . 0 1 1 (2 ) 0 .0 0 6 (2 )
C2 0 . 0 5 1 ( 2 ) 0 .0 4 5 ( 3 ) 0 . 0 5 6 (2 ) - 0 . 0 0 5 ( 2 ) 0 . 0 2 1 (2 ) - 0 . 0 0 3 ( 2 )
C3 0 .0 5 4 (2 ) 0 .04B(3) 0 . 0 5 4 (2 ) - 0 . 0 0 7 ( 2 ) 0 .0 1 9 (2 ) - 0 . 0 0 3 ( 2 )
C4 0 .0 5 8 (2 ) 0 .0 5 0 (3 ) 0 . 0 5 7 (2 ) 0 .0 0 3 ( 2 ) 0 .01B(2) 0 . 0 0 4 (2 )
C5 0 .0 6 5 (2 ) 0 . 0 4 7 (3 ) 0 . 0 6 5 (2 ) 0 . 0 0 6 (2 ) 0 . 0 2 3 (2 ) 0 .0 0 0 (2 )
CG 0 .0 9 3 (3 ) 0 .0 5 7 (3 ) 0 . 0 7 5 (3 ) 0 . 0 0 2 (3 ) 0 . 0 3 7 (2 ) 0 .0 0 9 (2 )
07 0 .0 6 7 (3 ) 0 .0 5 0 (3 ) 0 . 0 6 3 (3 ) - 0 . 0 0 2 ( 2 ) 0 . 0 1 4 (2 ) - 0 . 0 0 5 ( 2 )
Oi l 0 .0 5 7 ( 2 ) 0 . 0 5 5 (2 ) 0 . 0 6 7 (2 ) - 0 . 0 1 3 ( 1 ) 0 .0 1 0 ( 1 ) 0 . 0 0 4 (2 )
o i l 0 .0 6 7 ( 3 ) 0 .0 7 0 (3 ) 0 . 0 8 1 (3 ) - 0 . 0 0 7 ( 3 ) 0 .0 1 3 ( 2 ) 0 . 0 2 0 (3 )
012 0 .0 8 2 (2 ) 0 .1 1 8 (3 ) 0 . 1 3 4 (3 ) - 0 . 0 3 2 ( 2 ) - 0 . 0 1 1 ( 2 ) 0 . 0 5 3 (2 )
C12 0 .0 6 3 (3 ) 0 .0 7 2 (3 ) 0 .088(3 ) - 0 . 0 0 6 ( 3 ) 0 . 0 0 5 (3 ) 0 . 0 1 1 (3 )
021 0 .0 6 1 (2 ) 0 . 0 4 9 (2 ) 0 . 0 7 2 (2 ) 0 .0 0 3 (1 ) 0 .0 2 4 ( 1 ) 0 .003(1 )
C21 0 . 0 8 8 (3 ) 0 .0 5 2 (3 ) 0 . 0 5 8 (3 ) 0 . 0 0 2 (3 ) 0 . 0 0 9 (2 ) - 0 . 0 0 5 ( 2 )
022 0 .1 3 0 (2 ) 0 .0 5 3 (2 ) 0 . 1 2 8 (2 ) - 0 . 0 0 9 ( 2 ) 0 . 0 5 1 (2 ) 0 . 0 0 8 (2 )
C22 0.  109(4) 0 . 0 6 8 (3 ) 0 . 1 0 0 (3 ) 0 . 0 2 7 (3 ) 0 . 0 1 6 (3 ) - 0 . 0 0 5 ( 3 )
031 0 . 0 5 8 (2 ) 0 .0 6 0 ( 2 ) 0 . 0 5 9 (1 ) - 0 . 0 0 7 ( 2 ) 0 . 0 2 0 (1 ) - 0 . 0 1 1 ( 1 )
031 0 .0 7 2 ( 3 ) 0 .0 6 0 (3 ) 0 . 0 6 0 (2 ) 0 .0 0 5 (3 ) 0 . 0 1 3 (2 ) - 0 . 0 0 1 ( 2 )
032 0 .0 9 5 (2 ) 0.0BB(2) 0 . 0 8 3 (2 ) - 0 . 0 1 0 ( 2 ) 0 . 0 4 6 (1 ) - 0 . 0 1 6 ( 2 )
C32 0 .1 0 6 ( 3 ) 0 .0 8 9 (4 ) 0 . 0 9 0 (3 ) - 0 .0 2 B (3 ) 0 . 0 3 6 (3 ) - 0 . 0 2 9 ( 3 )
.041 0 .0 5 6 ( 2 ) 0 .0 7 3 ( 2 ) 0 .0 7 2 (2 ) 0 .0 0 6 ( 2 ) 0 . 0 1 1 (1 ) 0 . 0 0 5 (2 )
C41 0 .0 7 6 ( 3 ) 0 .0 7 1 ( 3 ) 0 . 0 8 3 (3 ) 0 .0 0 8 (3 ) 0 . 0 0 2 (3 ) - 0 . 0 1 2 ( 3 )
042 0 .0 6 8 (2 ) 0 .1 3 7 (3 ) 0.  133(3) - 0 . 0 1 9 ( 2 ) 0 . 0 2 2 (2 ) - 0 . 0 1 1 ( 3 )
C42 0 .0 8 1 ( 3 ) 0 . 1 1 3 (4 ) 0 . 1 2 3 (4 ) 0 .0 1 3 (3 ) - 0 . 0 0 9 ( 3 ) - 0 . 0 2 1 ( 4 )
061 0 .07B(2 ) 0 .0 6 9 (2 ) 0 .0B8(2) 0 .0 1 7 (2 ) 0 . 0 4 0 (1 ) 0 . 0 0 4 (2 )
061 0 .0 9 1 (3 ) 0 .0 7 7 (3 ) 0 . 1 0 6 (3 ) 0 .0 1 0 (3 ) 0 . 0 4 4 (2 ) - 0 . 0 0 2 ( 3 )
062 0 .0 9 7 (2 ) 0 .1 1 0 (3 ) 0 . 1 7 9 (3 ) 0 .0 3 6 ( 2 ) 0 . 0 4 9 (2 ) 0 .0 4 4 ( 2 )
062 0 .1 1 4 (3 ) 0 .1 1 0 (4 ) 0 . 1 8 3 (4 ) 0 . 0 2 4 (3 ) 0 . 0 9 3 (3 ) 0 .0 1 7 (4 )
The form of t h e  a n i s o t r o p i c  thermal  p a r am e te r  i s :
expC-2P12f h2a2U( 1 , 1 )  + «2b2U(2,2) + I2 c2t l (3 .3 )  + 2hk ab U (I ,2 )  + 2 h l a c U ( l , 3 )
+ 2 k lb cU ( 2 ,3 )  )3 where a , b .  and c a r e  r e c i p r o c a l  l a t t i c e  c o n s t a n t s .
Table 3.4- : Anisotropic thermal parameters of compound VI.
H K L Fob* F ca lc
e 8 2 a s 86
a a 4 121 124
a a 6 1022 1806
a a a 227 23B
0 a 10 323 328
e a 12 210 219
e a 14 a* 35
a a 16 93 94
e a ie 17* 48
e a 2a 158 142
a a 22 94 76
a a 24 14* 35
a a 26 a* 29
a i 1 42 34
a i 2 634 635
a i 3 396 423
a t 4 226 213
a i 5 923 960
a i 6 1169 1199
a i 7 33 87
a l a 130 141
a l 9 07 94
a i IB 163 173
a l 11 51 12
a i 12 296 312
a i 13 260 2B3
a i 14 374 363
a l IS 74 74
a i 16 12* 10
a l 17 22* 27
a l 18 150 141
a t 19 IB* 6
a i 20 a* 7
a i 21 9* 14
a l 22 23* 49
a i 23 35* IB
a i 24 25* 14
a i 25 a* 19
a » 26 24* 16
a 2 a 1367 1416
a 2 i 266 265
8 2 2 183 185
n 2 3 270 289
a 2 4 7G6 703
n 2 5 492 510
ft 2 6 386 ' 29B
a 2 7 197 282
H K L Fob* F ca lc
e 2 a 13* a
a 2 9 109 . 100
a 2 la 131 135
a 2 u 74 B2
a 2 12 73 64
a 2 13 342 . 364
B 2 14 156 145
a 2 15 146 15a
a 2 16 30* . 35
a 2 17 117 111
a 2 18 19* 38
a 2 19 a* 12
a 2 2B 26* 34
a 2 21 37* 52
a 2 22 a* 15
a 2 23 8* 25
a 2 24 12* a
a 2 25 a* : 2
a 2 26 a* 18
a 3 1 157 162
a 3 2 93 08
a 3 3 186 1B7
a 3 4 143 142
a 3 5 510 522
a 3 6 285 ! 292
a 3 7 113 102
a 3 8 63 61
a 3 9 41 64
a 3 10 119 114
a 3 11 95 100
a 3 12 241 . 260
a 3 13 107 98
a 3 14 123 126
b 3 15 59 ; 57
0 3 16 72 64
a 3 17 31* 54
e 3 IB a* 31
a 3 19 55 43
a 3 2a 31* 32
a 3 21 37* 51
a 3 22 18* 17
a 3 23 a* 1
a 3 24 33* 15
a 3 25 12* 13
o 4 0 3B4 292
a 4 1 446 452
a 4 2 90 86
H K L Fobs F ca lc
a 4 3 68 03
e 4 4 215 215
a 4 5 206 212
a 4 6 119 125
a 4 7 291 276
B: 4 0 131 134
a 4 9 155 138
a. 4 ie 169 156
a 4 u 105 166
a 4 12 44* 62
a 4 13 . 79 66
a 4 14 0* 35
0 4 15 91 103
0 4 16 42* 51
a 4 17 59 50
a 4 18 154 158
a 4 19 27* 2
a 4 20 31* 16
a 4 21 9* 1
a 4 22 0* 1
a 4 23 30* 12
a 4 24 IB* 21
B 5 1 2B3 288
0 5 2 180 167
a 5 3 64 5B
a 5 4 65 61
a 5 5 163 173
a 5 6 19* 21
B. 5 7 142 148
0 5 8 13* 26
a 5 9 96 104
0 5 10 B* 2
a 5 11 18* IB
a 5 12 66 60
a 5 13 222 238
a 5 14 26* 36
a 5 15 45* 72
a 5 16 123 131
a 5 17 99 90
a 5 18 22* 4
a 5 19 36* 46
a 5 20 IS* 19
a 5 21 25* 4
a 5 22 9* 18
a 5 23 14* 4
0 6 0 96 70
a 6 1 229 234
R e f le c t io n s  fla g g ed  u itt i an o s t e r is k  uero co n sid ered  unobserved.
Table 3.5 : Observed and calculated structure
H 1C L Fobs F ca lc H K L Fob* F ca lc
e 6 2 131 119 1 0 -1 4 258 246
8 6 3 44* 69 1 0 -12 263 260
a 6 4 40* 70 1 0 -1 0 545 545
a 6 5 44* 61 1 e -B 236 244
a 6 6 B5 75 1 e -6 0* 13
a 6 7 147 148 1 0 - 4 987 1023
e 6 a 24* 68 I B -2 919 976
a 6 9 e * 45 i a a 1183 12S1
0 6 10 40* 45 i a 2 818 B74
a 6 n 114 124 l a 4 55B 603
a 6 12 145 147 i a 6 538 545
a 6 13 25* 22 i a 8 1048 1BB3
a 6 14 31* 31 I a 10 466 457
0 6 15 5* 4 1 0 12 239 241
0 6 16 0* 4 l a 14 a* 38
a 6 17 48 37 i a 16 113 1B2
a 6 13 0* 31 i a IB 40* 26
a 6 19 0* 34 1 B 20 152 152
a 6 20 0* 10 i a 22 50* 58
8 6 21 18* 22 1 1-22 29* 11
e 7 I 26* 14 1 1-21 55 43
a 7 2 116 116 1 1-20 113 125
0 7 3 117 131 1 1-19 89 88
a 7 4 28* 60 1 1-18 83 81
a 7 5 160 160 1 1- 17 77 60
a 7 6 160 99 1 1--16 a* 8
0 7 7 9* 2 1 1-15 33* 34
8 7 8 26* 48 1 1--14 33* 23
B 7 9 SB 92 l 1--13 154 154
a 7 10 28* 2 I 1--12 25* 59
o 7 11 48 1 l - l  1 140 132
a 7 12 52 42 1 1-10 102 102
a 7 13 12* 37 1 1 -9 19* 19
a 8 a BB 84 1 1 -8 213 213
b 8 1 41* 37 1 1 -7 594 600
e a 2 24* 36 1 1 -6 416 426
a a 3 84 100 1 1 -5 412 417
0 B 4 39* 68 1 1 -4 1841 1049
a a 5 90 85 1 I -3 824 827
e 8 6 40* 60 1 1 -2 • 293 316
e 8 7 29* 17 1 1 -1 950 993
a 8' B B* 11 1 1 8 45B 454
a a 9 67 65 1 I 1 ■ 494 511
i 0--22 63 44 1 1 2 696 683
l 0-20 IB* 20 1 1 3 546 538
i 0-18 0* 25 1 1 4 1032 1090
i 0--16 41* 39 1 1 5 347 385
factors of compound VI. 4k.Uj
H K L Fobs F ca lc H K L Fobs F ca lc H K L Fobs F ca lc H K L Fobs F ca lc H K L Fobs F ca lc
1 1 e 206 193 1 2 9 203 214 1 3 13 26* 73 1 4 19 35* 9 1 6 -8 116 121
1 1 7 153 163 - 1 2 10 0* 0 1 3 14 142 135 1 5-■19 30* 64 1 6 -7 ' 46* 48
1 1 0 127 114 1 2 11 05 81 1 3 15 51 62 1 5 -10 33* 35 1 6 -6 249 248
1 1 9 127 130 1 2 12 420 390 1 3 16 0* 65 1 5--17 25* 11 1 6 -5 117 116
1 1 10 75 75 1 2 13 196 19B 1 3 17 12* 9 l 5--16 35* 5 1 6 -4 92 87
1 1 11 170 175 1 2 14 56 65 1 3 IB 0* 18 1 5- 15 58 70 1 6 -3 86 87
1 1 12 204 206 1 2 15 52 43 1 3 19 25* 4 1 5- 14 77 72 1 6 -2 - 46 41
1 1 13 02 69 1 2 16 0* 3 1 3 20 0* 17 1 5- 13 74 59 1 6 -1 18* 5
1 1 14 205 2 1 1 1 2 17 42* 36 1 4- 20 0* 2 1 5- 12 25* 21 1 6 8 50 57
1 1 15 33« 62 1 2 10 0* 20 T  4- 19 117 129 1 5- II 0* IB 1 6 1 176 175
1 1 16 40* 53 1 2 19 0* 23 1 4-18 109 97 1 5 -10 107 114 1 6 2 39* 32
1 1 1? 20* 33 1 2 20 0* 16 1 4- 17 92 06 1 5 -9 171 170 1 6 3 21* 27
1 1 IB 121 110 1 2 21 0* 11 1 4- 16 01 70 1 5 -8 131 141 1 6 4 49 61
1 1 19 0* 11 I 3--21 0* 27 1 4- 15 201 201 1 5 -7 78 80 I 6 5 41* 52
1 1 20 72 05 1 3--20 0* 11 1 4- 14 148 159 1 5 -6 114 111 1 6 6 28* 2
1 1 21 65 76 1 3-■19 60 75 1 4- 13 73 79 1 5 -5 0* 12 1- 6 7 110 116
1 2-■22 SB* 33 1 3--IB 41* 35 1 4--12 55 50 1 5 - 4 237 224 1 6 0 0* 14
1 2--21 0* 24 1 3--17 192 205 1 4- 11 117 120 1 5 - 3 186 107 1 6 9 109 113
1 2--20 0* 11 1 3--16 273 265 1 4--IB 307 310 1 5 -2 21* 9 1 6 10 0* 2
1 2--19 0* 15 1 3-■15 38* 55 1 4 -9 92 03 1 5 -1 123 110 I 6 11 27* 3
1 2--10 0* 14 1 3-■14 239 236 1 4 -8 105 191 1 5 0 107 166 1 6 12 121 117
1 2-■1? 30* 42 1 3--13 174 106 1 4 -7 0* 1 1 5 1 174 167 1 6 13 20* 27
1 2-■16 0* 24 1 3-■12 0* B 1 4 -6 13* 6 1 5 2 64 69 1 6 14 0* 12
1 2 -1 5 312 309 1 3-■11 49 57 1 4 -5 290 270 1 5 3 29* 36 1 6 15 59 6B
1 2- 14 79 90 1 3-■IB 209 211 1 4 - 4 345 340 1 5 4 145 133 1 7- 14 28* 16
1 2- 13 174 167 . 1 3 - 9 113 119 1 4 -3 354 346 1 5 5 46 40 l 7- 13 49* 46
1 2- 12 49 59 1 3 -0 60 53 1 4 -2 132 121 1 5 6 6* 19 1 7-■12 ■ SB 47
1 2- U 11* 10 1 3 -7 173 17 7 1 4 -1 133 120 1 5 7 0* 41 1 7-11 59 48
1 2--10 0* 13 1 3 -6 41 40 1 4 e 277 275 1 5 0 170 166 1 7 -18 0* 19
1 2 -9 159 160 1 3 -5 101 109 1 4 i 15* 15 1 5 9 138 150 1 7 -9 95 1B2
1 2 -8 96 96 1 3 - 4 527 532 1 4 2 317 323 I 5 10 176 161 1 7 -8 0* 13
1 2 -7 22* 20 1 3 - 3 431 433 1 4 3 239 235 1 5 11 18* II 1 7 -7 137 149
1 2 -6 360 351 1 3 -2 277 270 1 4 4 204 105 1 5 12 35* 34 1 7 -6 194 202
1 2 -5 166 148 1 3 - I 10* 21 1 4 5 240 219 1 5 13 18* 25 1 7 -5 113 124
1 2 - 4 628 640 1 3 0 261 265 1 4 6 52 32 1 5 14 109 113 I 7 - 4 77 70
1 2 -3 1070 1069 . 1 3 1 532 523 I 4 7 213 217 1 5 15 97 101 1 7 -3 91 91
1 2 -2 221 214 I 3 2 272 204 1 4 B 108 189 1 5 16 0* 10 1 7 -2 90 86
1 2 -1 462 449 1 3 3 700 696 I 4 9 110 124 1 5 17 48* 54 1 7 -1 22* 15
1 2 0 39 43 1 3 4 371 360 1 4 10 174 171 1 5 10 32* 24 1 7 0 37* 44
1 2 1 1025 1007 1 3 5 204 191 1 4 11 49 40 1 6--16 0* 40 1 7 1 0* 65
1 2 2 766 756 1 3 6 149 163 1 4 12 0* IB 1 6--15 17* 10 1 7 2 01 93
1 2 3 452 408 1 3 7 119 119 1 4 13 112 117 1 6--14 32* 11 1 7 3 0* 0
I 2 4 301 386 . 1 3 0 B9 02 1 4 14 123 132 1 6- 13 52* 44 1 7 4 97 103
1 2 5 491 466 . 1 3 9 406 421 1 4 IS 34* 1 1 6- 12 61 56 1 7 5 80 77
1 2 6 513 531 1 3 10 117 113 1 4 16 72 70 1 6- 11 52 55 1 7 6 0* 25
I 2 7 499 470 1 3 11 0* 35 1 4 17 104 102 1 6--10 79 65 1 7 7 58 IB
I 2 a 90 109 1 3 12 239 216 1 4 18 0* 62 1 6 -9 105 117 1 7 8 50 53
R eflections flagged with an asterisk  were considered unobserved.
H K L Fobs F ca lc H K L Fobs F ca lc H K L Fobs F ca lc H K L Fobs F ca lc H K L Fobs F ca lc
1 7 9 B* 31 2 1-21 0* 29 2 2-10 116 107 2 3 -1 3 70 6B 2 4  -7 e* 0
1 7 IB 0* 2B 2 I-2B 35* . 35 2 2-17 66 83 2 3-12 66 52 2 4  -6 129 143
1 7 It 0* 27 2 1-19 53 47 2 2 -1 6 91 B4 2 3-11 144 151 2 4  -5 22* 32
1 7 12 0* IB 2 1-10 120 H i 2 2 - IS 0* 12 2 3 -1 0 210 211 2 4 - 4 42 43
1 7 13 24* 36 1 2 1-17 25* B 2 2 -1 4 63 66 2 3 - 9 61 65 2 4  - 3 46 55
1 a -9 0* 12 2 1-16 67 51 2 2 -1 3 UB 126 2 3 -B 486 469 2 4  - 2 5B7 494
1 B -B 36* 21 2 1-15 52 58 2 2-12 62 44 2 3  -7 141 155 2 4  -1 13* 11
1 B -7 54 51 2 1-14 123 MB 2 2-11 166 150 2 3 - 6 310 319 2 4  e 209 203
1 B -6 31* 43 2 1-13 109 100 2 2 -1 0 SB 63 2 3 - 5 16* £ 2 4  1 295 276
1 B -5 106 105 2 1-12 155 149 2 2 -9 149 151 2 3 - 4 197 195 2 4  2 1B4 180
1 B -4 IB7 124 2 1-11 151 144 2 2 -B 170 1B2 2 3 -3 166 172 2 4  3 540 519
1 0 -3 22* 17 2 1-10 123 129 2 2 -7 177 179 2 3 -2 301 302 2 4 4 509 491
I B -2 20* 27 2 1 -9 317 332 2 2 -6 311 301 2 3 -1 172 160 2 4  5 162 176
1 B -1 13* £0 2 1 - 8 43 35 2 2  -5 529 556 2 3  0 147 160 2 4  6 262 264
1 B B 49* 52 2 1 - 7 206 191 2 2 - 4 100 98 2 3 1 43 56 2 4  7 £1 £4
1 8  1 0* 41 2 1 - 6 235 214 2 2 -3 481 5 IB 2 3 2 52 41 2 4  B 142 136
1 B 2 0* 48 2 1 - 5 352 361 2 2 -2 110 111 2 3 3 231 245 2 4  9 143 138
1 8 3 62 79 2 1 - 4 1479 1548 2 2 -1 £2 58 2 3 4 519 513 2 4  10 B* 37
1 B 4 0* 6 2 1 - 3 514 522 2 2 0 284 2 70 2 3 5 80 82 2 4  11 3B* 35
1 B 5 0* 30 2 1 - 2 786 770 2 2 1 9B 92 2 3 6 457 447 2 4 12 0* 17
1 8 £ 0* 31 2 1 -1 553 5B4 2 2 2 231 221 2 3 7 43 41 2 4  13 0* 1
1 B 7 0* IS 2 1 B 586 604 2 2 3 594 601 2 3 B B9 94 2 4  14 97 90
1 8 B 17* 42 2 1 1 257 244 2 2 4 332 334 2 3  9 131 140 2 4  15 B* 1
2 0-22 0* 14 2 1 2 142 134 2 2 5 13B 135 2 3  IB 35* 29 2 4  16 B* 16
2 0-20 0* 27 2 1 3 £6 58 2 2 6 69 56 2 3 11 204 196 2 4  17 0* 45
2 e - la 1B5 1B5 2 1 4 957 945 2 2 7 102 1 IB 2 3 12 0* 4 2 4  IB 34* 11
2 0-16 36* 25 2 1 5 334 316 2 2 8 457 474 2 3 13 95 100 2 5-19 27* 38
2 0 -1 4 332 30B 2 1 6 300 321 2 2 9 574 573 2 3 14 35* 39 2 5 -1 0 0* 39
2 0 -1 2 114 117 2 1 7 246 246 2 2  10 188 183 2 3 15 180 110 2 5 -17 0* 47
2 0 -10 157 170 2 1 0 240 235 2 2 11 19* 8 2 3 16 IB* 24 2 5 -1 6 0* 7
2 0 -B 183 165 2 1 9 346 . 347 2 2 12 51 63 2 3 17 111 109 2 5 -1 5 0* 18
2 B - 6 637 63B 2 1 IB 387 . 3B7 2 2 13 191 192 2 3 IB 36* IB 2 5 -1 4 84 85
2 B -4 1565 1647 2 1 11 179 174 2 2 14 16* 25 2 3 19 0* 31 2 5 -13 • 45* 47
2 0 -2 623 621 2 1 12 164 177 2 2 15 31* 52 2 3  20 0* 14 2 5 -12 1B0 96
2 0 B 135 132 2 1 13 177 176 2 2 16 34* 27 2 4 -2 0 22* 14 2 5-11 8* 3
2 0  2 £38 660 2 1 14 161 15B 2 2 17 136 126 2 4 -1 9 141 153 2 5-10 115 129
2 B 4 95 99 2 I 15 50 : 54 2 2 IB £6 53 2 4 -1 8 64 66 2 5 -9 147 147
2 0 6 239 239 2 1 16 116 122 2 2 19 38* 16 2 4 -1 7 104 182 2 S -0 170 174
2 0 0 235 248 2 I 17 52 41 2 2 28 48* 3B 2 4 -16 139 159 2 5  -7 0* B
2 0 IB 653 623 2 1 IB 119 126 2 3-21 31* 26 2 4 -1 5 B9 63 2 5 -6 121 112
2 0 12 10* 7B 2 1 19 23* 25 2 3 -2 0 0* IB 2 4 -1 4 0* 44 2 5 -5 15* 2B
2 8 14 23* 21 2 1 20 59 68 2 3-19 119 124 2 4 -13 65 68 2 5 - 4 49 61
2 0 16 48 35 2 1 21 73 74 2 3 -1 8 117 132 2 4 -1 2 70 7! 2 5 -3 176 178
2 0 10 13* 39 2 2 -2 2 46* 45 2 3 -1 7 132 132 2 4-11 131 147 2 5 -2 103 9-1
2 0 20 IB* 64 2 2-21 IB* 46 2 3 -1 6 61 05 2 4 -1 0 0* 13 2 5 -1 211 280
2 1-23 0* 12 2 2 -2 0 52 59 2 3-15 111 130 2 4 -9 52 44 2 5 0 237 230
2 1-22 31* 23 2 2 -1 9 91 98 2 3 -1 4 1 IB 124 2 4  - 3 B* 35 2 5  1 12* 6
Hort get lexis flagged u lth  an asterisk  uere considered unobserwl.
-N
-J
H K L Fobs F ca lc  ■ H K L Fobs F ca lc H K L Fobs F ca lc H K L Fobs F ca lc H K L Fobs F ca lc
2 5  2 0* 26 2 6 14 0* 19 3 0 -2 8 95 95 3 1 3 621 620 3 2 7 481 403
2 5 3 162 158 2 6 15 59 69 3 0 -19 123 115 3 1 4 68 67 3 2 8 404 396
2 5 4 73 82 2 7 -1 4 B* 44 3 0 -1 6 8* 34 3 1 5 687 591 3 2 9 B* 34
2 S S 162 151 2 7-13 0* 54 3 0 -1 4 167 154 3 1 6 454 453 3 2 10 43 27
2 S 6 47 64 2 7 -1 2 0* 16 3- 8 -1 2 417 4U6 3 1 7 212 210 3 2 11 95 92
2 S 7 85 IBB 2 7-11 0* IB 3 0-10 437 439 3 1 8 370 356 3 2 12 97 102
2 5 8 15B 142 2 7-1 0 23* 37 3 0 -9 13* 18 3 1 9 252 249 3 2 13 21* 37
2 5 9 217 218 2 7 - 9 95 102 3 0 - 6 619 649 3 1 10 8 * 10 3 2 14 85 84
2 S IB 90 92 2 7 - 0 27* 23 3 0 - 4 198 224 3 1 11 36* 38 3 2 15 0* 39
2 S 11 96 95 2 7 - 7 224 246 3 0 -2 435 412 3 1 12 301 285 3 2 16 76 60
2 5 12 110 113 2 7 - 6 133 135 3 ' 0 B 474 479 3 1 13 129 129 3 2 17 134 145
2 5 13 155 148 2 7 - 5 76 62 3 8 2 630 610 3 1 14 65 63 3 2 IB 69 60
2 5 14 32* 61 2 7 - 4 18* 31 3 0 4 302 298 3 1 15 62 5B 3 2 19 17* 51
2 5  15 34* 29 . 2 7 -3 5B 50 3 0 6 996 991 3 1 16 185 185 3 3-21 12* 37
2 5 16 63 63 2 7 - 2 6* 16 3- 0 B 458 428 3 1 17 109 112 3 3-20 0* 17
2 5 1? B* 22 2 7 -1 107 114 3 0 IB 116 119 3 1 18 B* S3 3 3-19 95 68
2 6-17 B* 7 ■ 2 7 0 72 79 3 0 12 8* 6 3 1 19 29* 11 3 3-18 13* 27
2 6-16 90 88 2 7 1 41* 36 3 B 14 105 101 3 1 20 8* 7 3 3-17 B* 7
2 6 -1 5 0* 11 2 7 2 0* 14 3 B 16 0* I 3 2 -2 2 33* 47 3 3-16 0* 3
2 6 -1 4 Be 32 2 7 3 38* 7 3 0  19 52* 42 3 2-21 26* 13 3 3-15 8* 70
2 6-13 159 153 2 7 4 41* 40 3 0  20 0* 1 3 2-20 44* 44 3 3 -1 4 112 115
2 6 -1 2 0* 58 2 7 5 0* 13 3 1-23 64 59 3 2-19 131 125 3 3-13 76 66
2 6-11 37* 13 2 7 6 0* 9 3 1-22 8* 8 3 2 -1 8 31* 0 3 3-12 61 49
2 6 - IB 307 3B4 2 7 7 5B 51 3 1-21 8* IS 3 2 -1 7 163 155 3 3-11 290 262
2 6 -9 79 79 2 7 8 45* 41 3 1-20 10* 39 3 2 -1 6 34* 28 3 3-IB 8* 36
2 6 -B 25* 49 2 7 9 0* 53 3 1-19 0* 69 3 2 -1 5 UB 104 3 3 -9 209 195
2 6  - 7 269 262 2 7 10 37* 44 3 1—IB 22* 35 3 2 -1 4 0* 21 3 3 -8 70 79
2 6 -6 236 241 2 7 11 53 64 3 1-17 0* 26 3 2 -1 3 e* 35 3 3 -7 • 52 42
2 6 -5 132 134 2 7 12 0* 19 3 1-16 101 77 3 2-12 59 61 3 3 - 6 232 224
2 6 - 4 e* 19 2 0 -9 B* 13 3 1-15 105 107 3 2-11 276 286 3 3 - 5 234 224
2 6 -3 59 44 • 2 8 -8 30* 62 3 1-14 IS* 0 3 2-18 399 481 3 3 - 4 221 227
2 6 -2 65 57 2 8 -7 0* 9 3 1-13 14* 23 3 2 - 9 424 423 3 3 - 3 399 410
2 6 -1 22* IB 2 8  -6 IS* B 3 1-12 36 39 3 2 -8 19* 24 3 3 - 2 337 342
2 6 8 0* 12 2 8  -5 51* 48 3 1-11 225 215 3 2 -7 124 138 3 3  -1 221 206
2 6 1 0* IB 2 8  - 4 0* 8 3 1-18 221 202 3 2 -6 213 225 3 3 B ■ 215 217
2 6  2 118 1B6 ■ 2 8 - 3 0* 32 3 1 -9 16* 1 3 2 -5 255 252 3 3 1 294 299
2 6 3 74 69 . 2 8 -2 85 96 3 ' 1 -9 482 394 3 2 - 4 153 147 3 3 2 148 130
2 6  4 69 54 2 0 -1 77 87 3 1 - 7 253 257 3 2 -3 369 349 3 3 3 491 476
2 6 5 B* 15 2 8 0 26* 71 3 1 - 6 126 136 3 2 -2 0 * 29 3 3 4 336 332
2 6 6 66 59 2 8 1 63 68 3 1 -5 676 697 3 2 -1 48 52 3 3 5 71 62
2 6 7 44* 48 2 8 2 60 66 3 1 - 4 312 347 3 2 0 182 101 3 3 6 94 94
2 6 8 75 74 2 8 3 109 1B1 3 1 - 3 698 721 3 2 1 14* 19 3 3 7 272 273
2 6 9 49* 50 2 8 4 39* 36 3 1 - 2 359 344 3 2 2 155 152 3 3 8 23E1 241
2 6 IB 36* 2 2 8 5 144 140 3 1 -1 231 224 3 2 3 774 792 3 3 9 0* 7
2 6 11 IBB 122 2 Q 6 12* 45 3 1 0 764 754 3 2 4 191 171 3 3 IB 97 79
2 6 12 B* 11 2 8 7 56 91 3 1 1 0* 21 3 2 5 0* 21 3 3 11 fl* 40
2 6  13 22* II 3 0 -2 2 92 92 3 1 2 138 146 3 2 6 420 403 3 3 12 n* 33
R eductions flogged utth on aster isk  uare considered unobserved.
H K L Fobs F ca lc H K L Fobs F ca lc H K L Fobs F ca lc K K L Fobs F ca lc K K L Fobs F ca lc
3 3  13 18* 26 3 5 -1 8 fl* 19 3 £ -5 8 * 98 3 B -7 25* 27 4  1-11 83 75
3 3 14 B* 16 3 5 -1 7 0* 53 3 6 - 4 61 56 3 0 -6 0*  45 4  1-10 47 65
3 3 IS 101 85 3 5 -1 6 26* 41 3 6 -3 99 109 3 8 -5 0*  8 4  1 - 9 85 80
3 3 16 £1 50 , 3 5 -1 5 23* 21 3 6 -2 193 195 3 B - 4 3B* 8 4  1 -8 1 122 116
3 3 17 0* 27 3 5 -1 4 39* 20 3 6 -1 0* 35 3 8  - 3 0 *  10 4  1 -7 207 203
3 3 IB 37* 46 3 5 -1 3 127 123 3 6 0 0* 10 3 0 - 2 68 74 4  1 -6 503 490
3 3 19 29* 12 3 5 -1 2 66 71 3 6 1 144 134 3 8 -1 31* 27 4 1 - 5 96 109
3 4 -20 a* 41 3 5-11 77 67 3 6 2 60 44 3 B B 76 96 4  1 - 4 20* IS
3 4-19 67 50 3 5 -1 0 177 170 3 6 3 31* 45 3 8 1 31* 3 4  1 - 3 41 29
3 4 - IB 0* 29 3 5 - 9 196 203 3 6 4 45* 56 3 8 2 0*  27 4  1 -2 97 105
3 4 -1 7 0* 22 3 5 - 8 50 42 3 £ 5 113 111 3 B 3 03 B7 4  I -1 368 383
3 4 -16 32* 13 3 5 -7 0* 3 3 £ 6 B* 63 3 B 4 3 1*  24 4 1 0 201 190
3 4 -1 5 45* 48 3 5  - 6 149 149 3 £ 7 8* 47 3 8 5 0 *  12 4  1 1 222 225
3 4 -1 4 34* 35 3 5  -5 19* 42 3 6 8 91 90 3 8 6 79 78 4  1 2 230 224
3 4 -1 3 17* 21 3 5 - 4 51 35 3 6 9 27* 103 4 0 -2 2 41* 34 4  1 3 80 82
3 4-12 157 144 3 5 - 3 49 67 3 £ 10 146 133 4 0 -2  B 85 98 4  1 4 57 33
3 4-11 55 53 3 5 - 2 60 56 3 £ 11 121 125 4 0 -1 8 193 212 4  1 5 399 406
3 4-10 01 90 3 5  -1 0* 20 3 6 12 08 74 4 0 -1 6 138 143 4  1 6 IB7 93
3 4 -9 02 57 3 5  0 143 . 147 3 6 13 0* 28 4 0 -1 4 109 1BI 4 1 7 116 123
3 4  - 0 104 IBB . 3 5  1 134 138 3 £ 14 44* 5B 4 0 -1 2 200 220 4  1 0 73 68
3 4  -7 21* 20 3 5 2 33* 43 3 7-•13 104 112 4 0 -1 0 15* 2 4  1 9 0* 18
3 4  -6 140 150 3 5  3 35* 34 3 7-12 0* 43 4 8 -0 212 228 4 1 10 82 81
3 4  -5 0* 42 3 5 4 143 132 3 7-11 0* 32 4 0 -6 101 174 4 I I I 0* 11
3 4 - 4 286 292 3 5 5 5B 57 3 7-10 0* 14 4 0 - 4 206 2B2 4 1 12 87 82
3 4 -3 73 74 . 3 5  £ 0* 28 3 7 - 9 0* 32 4 0 - 2 63 43 4  1 13 0* 8
3 4 -2 23* 47 3 5 7 0* 13 3 7 -0 23* 4 4 0 0 500 484 4  1 14 0* 21
3 4 -1 192 196 3 5  0 0* 7 3 7 -7 50 49 4 B 2 767 740 4  1 IS 82 05
3 4  0 153 162 3 5  9 0* 20 3 7 - 6 103 102 4 0 4 355 356 4 1 16 48* £0
3 4  1 247 229 3 5 10 0* 1 3 7 - 5 0* 12 4 0 6 543 504 4 1 17 94 100
3 4 2 272 264 3 5 11 0* 53 3 7 - 4 93 80 4 0 8 210 205 4  1 18 26* 15
3 4 3 225 220 3 5 12 61 78 3 7 -3 55 31 4 0 10 274 260 4  1 19 0* 6
3 4  4 104 182 3 5 13 35* 92 3 7 -2 B* II 4 0 12 135 134 4  2 -2 2 £2 74
3 4 5 271 276 , 3 5  14 31* 45 3 7 -1 133 137 4 0 14 75 92 4  2-21 0* 5
3 4 6 61 64 3 5  IS 33* 2 3 7 e 0* 2 4 0 16 71 £3 4 2 -20 8* 20
3 4  7 213 211 3 5 16 47* 29 3 7 i 51* 50 4 0 18 65 68 4 2 -1 9 0* 4
3 4  B 03 71 3 6 -1 7 25* 27 3 7 2 48* 46 4 1-23 76 69 4 2 -1 0 0* 2
3 4 9 99 102 3 6 -1 6 59 62 3 7 3 50* 59 4 1-22 4 3 *  41 4  2 -17 42* 35
3 4 10 3B* 26 3 6 -1 5 39* 20 3 7 4 232 232 4 1-21 0* B 4  2-16 21* 22
3 4 11 5* 19 3 £ -1 4 19* £4 3 7 5 19* 56 4 1-20 25*  37 4  2-15 • 27* 15
3 4 12 20* 16 3 6 -1 3 15* 24 3 7 6 80 £9 4 1-19 97 101 4 2 -1 4 103 79
3 4 13 127 136 3 6 -1 2 60 75 3 7 7 U* 4 4 1-18 0* 8 4 2 -13 22* 22
3 4 14 93 93 3 6-11 0* 1 3 7 B 40* 31 4 1-17 94 107 4 2 -12 8* 45
3 4 15 46* 41 3 6 -1 0 412 433 3 7 9 29* B 4 1-16 118 127 4 2-11 154 159
3 4 16 6* 21 3 6 - 9 56 70 3 7 18 46* 26 4 1-15 72 61 4  2-IB 84 77
3 4 17 0* 3 3 6 - 8 150 170 3 7 11 B* 30 4 1-14 101 1B7 4  2 - 9 647 £32
3 4  IB 34* 43 3 6 - 7 144 147 3 B -9 123 115 4 1-13 274 266 4 2 -B 649 633
3 5 -1 9 63 60 3 6  - 6 134 130 3 B -8 12* 1 4 1-12 152 149 4 2 - 7 786 £96
R eflections flagged ultti an aster UK u e r r  considered unobserved.
-o-
VO
H K L Fobs F ca lc H K L Fobs F ca lc H K L Fobs F ca lc H K L Fobs F ca lc H K L Fobs F ca lc
4 2  -6 203 204 4 3 1 121 105 4 4  9 01 84 4 6 -1 2 34* 52 4 7 9 e* 19
4 2 -5 3IB 328 4 3 2 114 IBB 4 4 10 44S 31 4 6-11 0* 57 4 B -7 32* 41
4 2 - 4 448 442 4 3 3 174 . 151 4 4 11 69 69 4 6 -1 0 175 181 4 8 -6 0* 22
4 2 -3 121 105 4 3 4 148 150 4 4 12 Be 22 4 6 -9 0* 5 4 8 -5 0* 23
4 2 - 2 256 254 4 3 5 139 137 4 4 13 86 87 4 6 -fl 103 94 4 B - 4 30* 19
4 2 - I 248 246 4 3 6 80 76 4 4  14 Be 35 4 6 -7 85 93 4 8 -3 B* 28
4 2  e 422 405 4 3 7 Be 13 4 4  15 Be 57 4 6 - 6 42* 33 4 8 -2 ■ 54 46
4 2 1 135 130 4 3  8 147 138 4 4 16 2 6 s 4B 4 6 - 5 B* 24 4 8 - I BB 82
4 2 2 71 73 . 4 3  9 128 110 4 5 -1 9 !9 e 45 4 6 - 4 22* 17 4 8 0 e * 7
4 2 3 3IB 314 4 3 10 64  61 4 5 -1 8 66 57 4 6 - 3 0* 12 4 8 1 76 63
4 2 4 269 250 4 3 11 Be 33 4 5 -1 7 75 68 4 6 - 2 189 192 4 B 2 9B 89
4 2 5 53 48 4 3 12 e e  38 4 5-16 46S 36 4 6  -1 0* 39 4 B 3 8* 29
4 2 6 0* 22 ■ 4 3 13 114 124 4 5 -1 5 3Bs 6 4 6 B 157 152 5 0-22 2B* 19
4 2 7 122 132 4 3 14 70 78 4 5 -1 4 76 B8 4 6 1 64 79 5 0-20 ‘ 196 210
4 2 8 15* 38 4 3 15 lB e . 56 4 5-13 80 09 4 6 2 37* 43 5 0-18 7* 35
4 2 9 215 213 4 3 16 Be 8 4 5 -1 2 77 78 4 6 3 62 72 5 0-16 76 74
4 2 18 0* 36 ■ 4 3 17 52 50 4 5-11 156 161 4 6 4 18* 52 5 0 -1 4 B* 9
4 2 11 222 221 4 3 IB 91 75 4 5 -1 0 105 122 4 6 5 47* 38 5 B-12 - 2B4 279
4 2 12 IBB IB6 4 4 -2 0 5 1 e  51 4 5 -9 142 148 4 6 6 82 B7 5 0 -1 0 196 183
4 2  13 135 135 4 4 -1 9 Be 29 4 5 -B 80 77 4 6 7 0* 28 5 0 -8 119 104
4 2 14 145 133 4 4 -1 8 60  32 4 5 -7 65 86 4 6 8 34* 5 5 0 -6 43 41
4 2 15 0* 8 4 4 -1 7 48 e  49 4 5  -6 112 1B4 4 6 9 B* 29 5 0 -4 202 217
4 2 16 120 129 4 4-16 13e 27 4 5 -5 58 63 4 6 IB 0* 48 5 0 -2 172 159
4 2 17 79 76 4 4 -1 5 72 56 4 5 - 4 131 129 4 6 11 34* 46 5 0 0 75 83
4 2 IB 0* 9 4 4 -1 4 29e  0 4 5 -3 76 79 4 6 12 0* 7 5 0 2 195 20B
4 3-21 0* 2 4 4-1 3 132 137 4 5 - 2 IBB 169 4 7 -1 3 125 133 5 0 4 ■ 22B 21B
4 3-20 Be 31 4 4 -1 2 201 I9B 4 5 -1 B7 83 4 7-12 0* IS 5 8 6 0* 13
4 3 -1 9 49e 3 4 4-11 53 72 4 5 0 323 322 4 7-11 22* 34 5 0 8 22* 24
4 3-10 7B 96 4 4 -1 0 95 92 4 5 1 Be 41 4 7-10 0* 42 5 0 IB . 243 242
4 3-17 Be 5 4 4 - 9 133 122 4 5 2 Be 14 4 7 -9 B* 31 5 0 12 - 41* 41
4 3-16 0« 14 4 4  -0 0 e  29 4 5 3 27* 27 4 7 -8 85 84 5 B 14 0* 16
4 3 -1 5 64 67 4 4  -7 366 374 4 5 4 00 96 4 7 -7 44* 2B 5 0 16 IB* 0
4 3 -1 4 IB) 99 4 4  -6 118 120 4 5 5 184 192 4 7 -6 106 106 5 B 18 0* 9
4 3 -1 3 Be 13 4 4  -5 48 66 4 5 ' 6 54 40 4 7  -5 107 114 5 1-22 130 124
4 3 -1 2 156 145 4 4 - 4 228 229 4 5  7 121 115 4 7 - 4 51* 49 5 1-21 0* 35
4 3-11 81 74 4 4 -3 247 243 4 5  8 91 B6 4 7 -3 0* 63 5 1-20 0* e
4 3-10 40 53 4 4 -2 3 i e  39 4 5 9 71 79 4 7 - 2 0* 26 5 1-19 107 97
4 3 - 9 246 253 4 4 - I 40B 378 4 5 IB 148 143 4 7 - I 86 103 5 1-18 26* 39
4 3 -B 159 164 4 4 6 376 370 4 5 11 137 140 4 7 0 79 79 5 1-17 68 6S
4 3 - 7 154 156 4 4  1 2 l e  13 4 5 12 35* 31 4 7 1 38* 44 5 1-16 136 135
4 3 - 6 666 657 4 4  2 56 67 4 5 13 0* 5 4 7 2 35* 5 5 1-15 111 112
4 3 - 5 196 268 4 4  3 256 240 4 5 14 0* SB 4 7 3 111 SB 5 1-14 8* 3
4 3 - 4 107 102 4 4  4 256 247 4 5 15 34* 33 4 7 4 167 164 5 1-13 95 90
4 3 - 3 681 658 . 4 4  5 104 107 4 6-16 8* 6 4 7 5 68 53 5 1-12 114 104
4 3 - 2 187 176 4 4  6 106 122 4 6-15 e* 48 4 7 6 37* 4 5 1-11 0* 20
4 3 - I 42D 437 4 4  7 40* 34 4 6 -1 4 138 141 4 7 7 46* 3B 5 I - 10 40 55
4 3 B 96 IBB 4 4  e 140 134 4 6 -1 3 64 67 4 7 8 3B* 31 5 1 -9 272 255
RoDset ions flagged u lth  on a ster isk  uere considered unobserved.
Ui
©
H K L Fobs F ca lc H K L Fobs F ca lc H K L Fobs F ca lc H K L Fobs F ca lc H K I Fobs F ca lc
S 1 -G 331 319 5 2 -2 303 288 5 3 6 0* 26 5 5 -1 8 0* 5 5 6 -1 73 74
5 1 -7 181 97 5 2 -1 119 114 5 3 7 104 110 5 5 -1 7 77 81 5 6 0 127 133
S 1 -6 42 50 5 2 0 80 78 5 3 8 41* 34 5 5 -1 6 0* 16 5 6 1 0* 39
s 1 -5 291 296 5 2 1 480 582 5 3 9 129 130 5 5 -1 5 85 87 5 6 2 53 51
5 1 —4 242 217 5 2 2 136 140 5 3 10 48* 38 5 5 -1 4 79 80 5 6 3 26* 10
5 I -3 378 379 ■ 5 2 3 56 39 5 3 11 74 81 5 5 -1 3 71 74 5 . 6 4 0* 18
5 1 -2 13? 145 5 2 4 205 190 5 3 12 91 94 . 5 5 -1 2 124 IBB 5 6 5 0* 42
S 1 -1 392 373 5 2 5 250 250 5 3 13 101 113 5 5-11 IB* 18 5 6 6 117 113
s l a 322 312 5 2 6 25* 22 5 3 14 83 98 5 5 -1 0 39* 23 5 6 7 61 58
3 i i 8* 7 5 2 7 162 172 5 3 15 0* 4 5 5 -9 0* 40 5 6 0 116 189
S 1 2 279 272 5 2 8 39* 3 5 3 16 44* 32 5 5 -8 172 174 5 6 9 37* 44
s 1 3 55 50 5 2 9 183 172 5 4 -2 8 37* 38 5 5 -7 101 109 5 6 10 13* 1
s 1 4 0* 19 ■ 5 2 10 0* 6 5 4-19 0* 14 5 5 -6 189 119 5 6 11 0* 37
5 1 S 26* 9 5 2 11 228 235 S 4 -1 8 20* 31 5 5 -5 138 140 5 7-12 48* 28
5 1 6 71 72 . 5 2 12 206 210 5 4 -1 7 20* 45 5 5 - 4 248 256 5 7-11 96 94
5 1 7 229 225 5 2 13 171 186 5 4 -1 6 0 * 11 5 5 -3 29* 32 5 7 -10 61 53
S i e 85 92 5 2 14 23* 38 5 4 -1 5 60 67 5 5 -2 23* 18 5 7 -9 0* 8
S 1 9 47 41 5 2 15 34* 12 5 4 -1 4 8* 33 5 5 -1 135 150 5 7 -0 13* 51
5 1 10 70 62 5 2 16 13* 46 5 4-13 199 198 5 5 0 217 219 5 7 -7 32* 13
5 1 11 23* 8 5 2 17 0* 1? 5 4-12 70 68 5 5 1 145 150 5 7 -6 90 91
S 1 12 154 155 5 3-21 22* 28 5 4-11 12* 8 5 5 2 66 48 5 7 -5 139 143
5 1 13 8* 0 5 3 -2 0 27* 40 5 4-10 8* 9 5 5 3 25* 17 5 7 - 4 8? 97
5 1 14 0* 13 5 3 -1 9 0* 13 5 4  -9 144 138 5 5 4 38* 31 5 7 -3 82 81
5 1 15 33* 8 5 3 -1 8 70 73 5 4  - 8 74 76 5 5 5 13? 129 5 7 -2 0* 25
5 1 1G 13* 23 5 3 -1 7 35* 23 5 4  - 7 0 * 7 5 5 6 17? 174 5 7 -1  • 116 120
5 1 1? 31* 13 5 3 -1 6 53 55 5 4  -6 72 84 5 5 7 0* 55 5 7 0 146 153
5 1 18 17* 17 5 3 -1 5 31« 1 5 4  -5 44 7? 5 5 B 0* 4 5 7 1 26* 3
S 2 -2 2 65 66 5 3 -1 4 8* 39 5 4 - 4 32* 19 5 5 9 30* 3 5 7 2 126 123
5 2-21 22* 14 5 3 -1 3 171 158 5 4  - 3 139 142 5 5 IB 106 127 5 7 3 89 85
5 2 -20 8* 24 5 3 -1 2 0* 3? 5 4 - 2 247 252 5 5 It 73 72 5 7 4 • 0* 12
5 2-19 103 100 5 3-11 290 272 5 4 -1 346 348 5 5 12 69 55 5 7 5 75 71
5 2 -18 23* 21 5 3 -1 0 0* 9 5 4 0 119 186 5 5 13 31* 67 5 7 6 ■ 48* 46
5 2 -1? 33* 10 5 3 -9 67 71 5 4 I 191 166 S 6 -1 6 12* 44 5 7 7 0* 1
5 2-16 8* 54 5 3 -B 134 119 5 4 2 0* 5 5 6 -1 5 0* 17 5 0 -4 0* 10
S 2 -1 5 0* 43 5 3 -7 17* 0 5 4 3 0* 23 5 6 -1 4 161 162 5 0 -3 0* 23
5 2 -1 4 0* 43 5 3 -6 357 333 5 4  4 0* 4 5 6 -1 3 76 01 5 0 -2 8* 19
5 2 -1 3 115 101 5 3 -5 121 122 5 4  5 42* 24 5 6 -1 2 0* 2 5 0 - I 43* 30
S 2 -1 2 4 4  33 5 3 - 4 30B 299 5 4 6 44* 38 5 6-11 13* 39 6 0-22 0* 2?
S 2-11 119 105 5 3 -3 127 120 5 4 7 82 91 5 6 -1 0 0* 26 6 0-20 231 237
5 2 -1 8 186 165 5 3 -2 51 57 5 4 0 158 156 5 6 - 9 75 68 6 0-18 184 193
5 2 -9 181 176 5 3 - I 0* 13 5 4 9 37* 36 5 6 -8 67 71 6 0-16 0* 30
5 2 -0 108 101 5 3 0 121 111 5 4 10 58 55 5 6 -7 0* 38 6 0 -1 4 80 72
S 2 -7 311 308 ' 5 3 1 9B 86 5 4 II 102 92 5 6 -6 35* 29 6 0-12 151 167
5 2 -6 522 500 5 3 2 151 144 5 4  12 44* 47 5 6 -5 63 71 6 0-10 ■ 48 48
S 2 -5 485 309 5 3 3 00 Bl 5 4  13 0* 18 5 6 - 4 197 198 6 0 -8 118 12?
5 2 -4 154 160 5 3 4 124 1B7 5 4 14 0* 12 5 6 - 3 104 104 6 0 -6 • 52 47
S 2 - 3 492 495 5 3 5 200 139 5 4 15 0* 23 5 6 - 2 0* 0 6 B - 4 189 195
R oftecdons flagged ultfc on asterJsK uere considered unobserved.
Ul
M
H K L Fobs F co lc  • H K L Fobs F ca lc H K L Fobs F ca lc H K L Fobs F ca lc H K L Fobs F ca lc
6 8  -2 283 302 6 1 15 56 45 6 3 -1 4 65 75 6 4  - 2 162 164 G 6-15 37* 19
6 a  a 480 457 6 1 16 a* 14 6 3-13 78 G7 £ 4  -1 16* 21 £ 6 -1 4 30* 22
6 a 2 290 293 6 2-21 B* e 6 3-12 49 43 £ 4  e 0* 37 £ 6-13 34* SB
6 a 4 113 IB6 6 2 -2 0 a* 8 6 3-11 29* 44 6 4  1 24* 23 6 6-12 33* 14
e a G 0* 20 6 2 -1 9 110 107 6 3-10 68 75 6 4 2 35* 31 6 £-11 0* 30
e a a 109 194 G 2 -1 8 0* 65 6 3 - 9 107 1B5 6 4 3 59 5B 6 6 -1 0 20* 27
6 e  la 0* 34 6 2-17 0* 49 6 3 -B 79 81 6 4  4 105 115 G 6 -9 38* 4
6 a  12 2a* 39 6 2 -1 6 8 * a 6 3 -7 160 150 £ 4  5 £6 62 6 G -0 19D 197
€ a 14 6* 20 6 2 -15 98 86 6 3 -G 140 145 6 4  £ 33* 7 £ £  -7 58 72
6 a ie a* a 6 2 -1 4 a* 7 6 3 -5 77 57 £ 4  7 161 170 6 G - 6  1 149 140
6 1-22 63 55 6 2 -1 3 a* It 6 3 -4 30* 27 £ 4  8 0* 83 G 6 - 5 23* 39
e 1-21 0* 9 6 2 -1 2 III : i n 6 3 - 3 203 184 6 4  9 124 133 G G - 4 319 324
6 1-20 B* 29 6 2-11 227 213 6 3 -2 196 IBS £ 4  10 37* 57 6 6 - 3 113 126
6 1-19 80 99 6 2 -1 0 293 272 £ 3 -1 148 146 6 4  11 e* 5 6 6 - 2 121 123
6 1-10 19* 7 6 2  - 9 226 200 6 3 a 99 92 £ 4  12 76 87 6 6 -1 9G 97
6 1-17 55 48 6 2  - 8 56 51 G 3 1 96 70 6 4  13 0* IB 6 6 B 14? 152
£ 1-16 46* 32 6 2 - 7 293 289 G 3 2 62 58 £ 4  14 2b* 35 6 6  1 . 142 142
e 1-15 0* 36 6 2 -6 52 58 6 3 3 128 138 6 5 -1 7 15* 9 6 £ 2 53 57
6 1-14 0* 24 6 2 -5 65 67 6 3 4 153 162 G 5 -1 6 22* 41 G G 3 37* 38
6 1-13 B* 8 G 2 - 4 36? 366 6 3 5 161 163 6 5 - IS 85 103 G 6 4 8* 3S
6 1-12 27* 2 £ 2 - 3 193 169 6 3 £ 8* 17 £ 5 -1 4 43* 73 6 6 5 58 £9
6 1-11 135 136 6 2 -2 0* 38 6 3 7 89 89 G 5 -1 3 88 89 G G 6 39* 31
6 1-10 149 130 6 2 -1 2B9 207 £ 3 8 77 73 6 5 -1 2 29* 31 £ 6 7 6* 5 4
6 1 -9 172 177 6 2 0 182 178 6 3 9 223 227 6 5-11 34* 17 £ G 8 62 5 4
6 1 - 8 144 148 6 2 1 141 148 6 3 10 142 131 b 5 -1 0 0* 17 6 6 9 0* 4
6 1 -7 243 252 6 2 2 92 82 6 3 11 0* 32 6 5 -9 G4 64 6 7-10 8* 26
6 1 -6 506 490 6 2 3 37B 365 £ 3 12 123 131 6 5 -8 0* 15 6 7 -9 • 0* 19
6 I -S G3 65 6 2 4 187 178 £ 3 13 0* 37 6 5 -7 123 124 6 7 -0 32* 50
6 I -4 183 IBB 6 2  5 a* 36 £ 3 14 36* 38 6 5  -6 31* 80 £ 7 -7 0* 0
6 1 -3 229 232 6 2 G a* 8 G 3 IS 0* 46 £ 5 - 5 227 235 6 7 -6 57 46
6 1 -2 327 321 6 2 7 a* 30 £ 4 -1 9 30* 71 6 5 - 4 195 190 G 7 -5 8* 40
6 1 -1 120 119 6 2 8 57 59 £ 4 -1 8 39* 46 6 5 -3 104 111 6 7 - 4 e * 12
6 i a 1B1 IBS 6 2 9 71 86 6 4 -1 7 62 75 £ 5 -2 0* 37 £ 7 -3 • 5? 43
6 1 1 13* 12 6 2 ie 7* 23 G 4 -1 6 0* 10 G 5 -1 10* 7 6 7 - 2 34* 08
6 1 2 38 44 6 2 11 101 107 £ 4-15 89 83 £ 5 e 85 70 6 7 -1 64 69
6 1 3 13* 11 6 2 12 1B6 116 G 4 -1 4 32* 30 6 5 1 82 77 6 7 0 75 73
e 1 4 23* 31 £ 2  13 a* 10 6 4 -1 3 101 97 £ 5 2 114 127 £ 7 1 8* 7
6 1 S a* 19 6 2 14 e* 21 6 4 -1 2 1B8 109 6 5  3 22* 44 6 7 2 00 91
G 1 6 303 290 £ 2 15 48* 22 6 4-11 0* 17 6 5  4 0* 2 6 7 3 70 83
6 1 7 92 97 6 2 16 12* 32 6 4-10 101 96 6 5 5 56 64 G 7 4 46* 37
6 1 8 120 124 £ 3-21 0* 27 6 4  -9 0* 19 6 5 6 171 170 G 7 5 22* 3
G 1 9 a * 44 6 3 -2 0 a * 46 6 4 -8 167 102 G 5 7 137 144 7 0-20 85 89
G 1 10 204 280 £ 3 -1 9 58 39 6 4 -7 135 140 G 5 8 25* 20 7 0-18 109 204
6 1 11 b s 92 6 3 -1 8 31* 28 £ 4 -G 44 47 6 5 9 3 7 * 56 7 0 -1 6 82 89
6 1 12 30* 30 6 3 -1 7 26* 32 6 4  -5 16* 38 6 5 IB 74 72 7 0 -1 4 144 150
G 1 13 9* 29 C 3-16 52 49 6 4  - 4 0* 23 6 5 II 51* 13 7 0-12 158 151
G 1 14 120 121 6 3 -1 5 a* 8 6 4  - 3 02 B0 £ 5  12 8* 35 7 0 -1 0 142 143
Refloci ions flogged u lth  on aster isk  uere considered unobserved*
to
H K L Fobs F ca lc H K L Fobs F ca lc H K L Fobs
7 0 - 8 0* 37 7 1 14 53* 63 7 3-11 63
7 0 - 6 0* 15 7 1 15 24* 9 7 3 -1 8 0*
7 0 - 4 312 299 7 2-21 53 26 7 3 -9 0*
7 0 - 2 155 155 7 2 -2 0 20* 4 7 3 -0 66
7 0 0 262 255 7 2 -1 9 0* IB 7 3 -7 0*
7 0  2 112 106 7 2 -1 0 23* 29 7 3 -6 0*
7 0 4 81 89 7 2 -1 7 95 87 7 3 -5 60
7 0  6 165 166 7 2 -1 6 37* 30 7 3  - 4 33*
7 0 S 202 204 7 2 -1 5 04 03 7 3 -3 8*
7 0 10 0* 10 7 2 -1 4 0* 5) 7 3 -2 53
7 8  12 140 144 7 2 -1 3 0* 26 7 3 -1 92
7 0  14 42* 30 7 2 -1 2 0* 29 7 3 Q 217
7 1-21 64 72 7 2-11 243 239 7 3 1 125
7 1-28 B* 5 7 2 -1 0 175 165 7 3 2 12*
7 1-19 63 51 7 2 - 9 30* 24 7 3  3 30*
7 1-10 29* 72 7 2  - 0 210 205 7 3 4 125
7 1-17 B* 21 7 2 -7 143 145 7 3 5 249
7 1-16 34* 77 7 2 - 6 e* 7 7 3 6 0*
7 1-15 18* 114 7 2 - 5 01 79 7 3 7 115
7 1-14 122 110 7 2 - 4 139 146 7 3 0 184
7 1-13 207 200 7 2 - 3 75 85 7 3 9 51*
7 1-12 49 50 7 2 - 2 154 146 7 3  18 29*
7 l - l  1 95 H I 7 2 -1 104 102 7 3 II 11*
7  1-10 163 170 7 2 0 29* 15 7 3 12 40*
7 1 -9 112 117 7 2 1 19* 70 7 3 13 49*
7 1 -0 74 73 . 7 2 2 106 96 7 4 -1 0 66
7 1 -7 92 04 7 2 3 41* 39 7 4 -17 60
7 1 -6 271 201 . 7 2 4 74 66 7 4 -1 6 93
7 1 -5 232 236 7 2 5 65 69 7 4 -1 5 0*
7 1 -4 0* 22 7 2 6 20* 40 7 4 -1 4 0*
7 1 -3 45 28 7 2 7 72 B6 7 4-13 0*
7 1 -2 176 177 . 7 2 0 IBS 106 7 4 -1 2 63
7 1 -1 52 51 7 2 9 84 60 7 4-11 02
7 1 0 2B* 23 7 2 10 84 B6 7 4 -1 0 B*
7 1 1 121 126 7 2 11 116 114 7 4  -9 131
7 1 2 312 304 7 2  12 59 45 7 4 -8 0*
7 1 3 0* 40 7 2 13 11* 16 7 4 -7 25*
7 1 4 17* 15 7 2 14 13* 10 7 4 - 6 154
7 1 5 140 150 7 3 -2 0 0* 11 7 4 - 5 143
7 1 6 101 90 7 3 -1 9 0* 13 7 4  - 4 73
7 I 7 54 62 7 3 -1 0 52* 42 7 4 - 3 48*
7 1 0 36* 2 7 3 -17 0* 53 7 4 - 2 27*
7 1 9 0* 0 7 3 -1 6 142 146 7 4 -1 0*
7 1 10 70 49 7 3 -1 5 77 59 7 4  B 0*
7 1 11 75 04  ■ 7 3 -1 4 28* 12 7 4  1 284
7 1 12 27* 19 7 3 -1 3 0* 18 7 4  2 156
7 1 13 0* 1 7 3 -1 2 0* 15 7 4 3 196
R eflections flagged utlh  on a ster isk  uere considered unobserved.
F ca lc H K L Fobs F ca lc H K U Fobs F ca lc
60 7 4  4 117 110 7 6  -2 0* 20
26 7 4  5 143 144 7 6 -1 • 46* 44
1 7 4  6 111 121 7 6 0 103 105
75 7 4  7 114 109 7 6 1 33* 31
27 7 4  0 67 92 7 6 2 39* 25
12 7 4  9 97 116 7 6 3 0* 55
66 7 4  10 61 63 7 6  4 102 92
44 7 4  11 0* 42 7 6  5 8* 14
30 7 4  12 0* 7 7 6 6 53* 65
46 7 5 -1 6 78 64 7 6 7 0* 16
96 7 5 -1 5 27* 26 7 7 -7 B8 92
212 7 5 -1 4 37* 4 7 7 -6 0* 7
132 7 5-13 22* 3 7 7 -5 0* 39
48 7 5 -1 2 0* 13 7 7 - 4 0* 20
34 7 5-11 00 72 7 7 -3 0* 5
134 7 5 -1 0 117 121 7 7 -2 28* 21
263 7 5 -9 B* 4 7 7 -1 8* 48
37 7 5 -B 0* 21 7 7 B 64 55
111 7 5 - 7 13* 39 7 7 I 8* 5
185 7 5  -6 49* 57 e 8 -2 0 46* 28
64 7 5  -5 257 266 8 8 -1 0 1B4 110
27 7 5  - 4 0* 9 6 8-16 37* 38
14 7 5  - 3 l i e 119 6 8 -1 4 273 271
7 7 5 -2 36* 58 0 B-12 127 134
30 7 5 - I 161 171 0 0-10 107 99
67 7 5 B 122 109 8 0  -8 34* 29
50 7 5 1 29* 24 0 B - 6 170 163
IBB 7 5 2 65 56 8 0 - 4 171 177
15 7 5 3 0* 8 8 0 -2 ! 383 313
3 7 5 4 0* 29 B 0 0 : 126 139
38 7 5  5 73 75 8 B 2 32* 33
50 7 5 6 85 67 6 0 4  . 160 159
65 7 5  7 0* 2 0 B 6 52 54
13 7 5 8 0* 19 0 0 B 246 267
131 7 5  9 0* 23 0 8 IB 134 133
47 7 5  IB 0* 17 8 e  12 77 62
12 7 6 -1 3 0* 9 0 1-28 76 69
15Q 7 6 -1 2 17* 54 8 1-19 66 57
151 7 6-11 70 74 8 1—IB 49* 33
72 7 6 -1 0 0 * 0 6 1-17 29* 19
61 7 6  - 9 120 116 8 1-16 0* 59
35 7 6 - 0 1 IB 122 8 1-15 191 199
17 7 6 -7 115 100 6 1-14 255 265
74 7 6  -6 85 84 8 1-13 20* 33
287 7 6 - 5 93 90 8 1-12 0* 20
157 7 6 - 4 126 145 8 t - l l 195 196
204 7 6 - 3 100 114 0 1-10 261 271
i / i
w
H K L Fobs F ca lc H K L Fobs F ca lc H K L Fobs
e 1 -9 125 127 8 2 4 123 125 0 4 -1 0 32*
e I -B 66 59 0 2  5 12B 142 G 4 -9 133
8 1 - 7 137 133 - 8 2 6 87 83 8 4  -B 80
e 1 -6 47 54 B 2 7 75 04 8 4 -7 95
8 I -5 55 62 0 2 8 99 101 8 4  - 6 94
8 1 - 4 118 109 8 2 9 78 73 8 4  -5 64
B 1 -3 e* 61 8 2 10 62 48 8 4  - 4 48
8 1 -2 0* 33 8 2  11 26* IB 8 4 -3 0*
8 I -1 l i e 112 B 2 12 0* 14 8 4 -2 136
8 1 0 e* 42 8 3 -1 9 76 69 0 4  -1 99
8 1 I 182 180 B 3 -1 0 0* 36 8 4 B 64
8 1 2 88 01 8 3 -1 7 37* 0 B 4 1 89
8 1 3 114 113 8 3 -1 6 82 81 8 4  2 94
8 1 4 35* 05 8 3 -1 5 0* 0 8 4  3 32*
B 1 5 0* 3 8 3 -1 4 8* 52 8 4  4 B*
8 1 6 13* 2 e 3 -1 3 122 122 8 4 5 181
8 1 7 189 186 8 3 -1 2 73 70 8 4 6 0*
8 1 8 46* 56 8 3-11 83 78 8 4 7 36*
8 1 9 8* 8 e 3 -1 8 0* 5 0 4  8 0*
8 1 IB 162 172 e 3 - 9 122 126 8 4  9 0*
8 1 11 62 67 8 3 - 0 149 154 8 4  IB 35*
8 1 12 31* 30 8 3 - 7 43* 47 B 5 -1 5 81
8 1 13 17* 40 8 3 -6 B* 6 8 5 -1 4 0*
0 2 -2 0 45* 42 8 3 -5 t i e 119 8 5-13 36*
8 2 -1 9 8* 22 8 3 - 4 134 139 8 5 -1 2 0*
8 2 -1 8 37* 14 ‘ 8 3 - 3 114 IBS 8 5-11 0*
8 2 -17 11* 13 8 3 -2 28* 14 8 5 -1 0 0*
8 2 -1 6 8B 99 8 3 -1 87 B3 8 5 -9 63
8 2-15 170 167 8 3 0 143 145 B 5 -B I3B
8 2 -1 4 94 90 8 3 1 95 103 0 5 - 7 0*
8 2 -1 3 0* 26 8 3  2 192 194 8 5 -6 8 *
8 2-12 37* 70 0 3 3 281 278 8 5 -5 B*
B 2-11 76 82 . 0 3 4 0* 39 0 5 - 4 144
8 2 - lf l 64 50 8 3 5 18* 7 B 5 - 3 53
8 2 -9 101 104 8 3 6 26* 36 8 5 -2 144
8 2 -8 33* 16 8 3 7 28* 34 8 5 -1 0*
0 2 -7 75 50 8 3 0 41* 62 0 5 0 32*
8 2 -6 6* 28 8 3 9 8* 24 0 5 1 0*
8 2 -5 8* 44 8 3 10 10* 37 8 5 2 73
8 2 - 4 70 72 > 8 3 11 0* 22 0 5 3 0*
8 2  -3 0* 51 8 4 -1 7 14* 3B B 5 4 U*
0 2 -2 20* 18 8 4-16 28* 48 B 5 5 99
8 2 -1 212 285 8 4 -1 5 61 47 8 5 6 33*
0 2  8 0* 8 0 4 -1 4 96 00 0 5 7 0*
8 2  1 110 116 8 4 -1 3 B* 6 0 6-11 32*
n 2 2 181 106 8 4-12 IB* 37 8 6 - IB 45*
8 2 3 70 75 8 4-11 0* 27 0 6 -9 131
R eflections /logged with on a ster isk  uere considered unobserved*
F ca lc h K L Fobs F ca lc H X 1” Fobs F ca lc
60 0 6 - 8 136 142 9 1 1 34* 28
127 8 6 -7 18* 7 9 1 2 48 54
94 B 6 -6 31* 13 9 1 3 0* 13
84 8 6 - 5 0* 4 9 1 4 34* 27
107 0 6 - 4 0* 6 9 1 5 0* 45
63 8 6 - 3 76 72 9 1 6 75 75
61 0 6 -2 36* 41 9 1 7 93 102
38 B 6 -1 22* 36 9 1 8 73 83
133 8 6 0 8* 4 9 I 9 • 50* 46
101 8 6  I BB 64 9 1 10 0* 26
70 8 6 2 46* 36 9 2-18 2B* 58
87 8 6 3 17* 19 9 2-17 46* 53
91 9 0 -1 8 80 09 9 2 -1 6 8* 5
8 9 0 -1 6 137 135 9 2-15 0* 30
32 9 0 -1 4 352 353 9 2 -1 4 0* 45
189 9 0 -1 2 33* 18 9 2-13 0* 53
27 9 0-10 372 385 9 2-12 37* 35
48 9 0  -8 41* 40 9 2-11 0* . 8
19 9 0 -6 67 77 9 2-10 59 55
19 9 0 - 4 109 102 9 2 -9 B* 3
36 9 0 - 2 147 155 9 2 -0 8* 37
95 9 0 0 0* 17 9 2 -7 183 1B9
13 9 0  2 78 7B 9 2 -6 169 166
10 9 8 4 0* 36 9 2 -5 B* 74
44 9 B 6 349 342 9 2 - 4 65 50
34 9 0  S 137 134 9 2 - 3 114 105
20 9 8  IB 46* 56 9 2 - 2 0* 23
64 9 1-19 0* 35 9 2 -1 176 174
131 9 1-18 72 62 9 2 0 01 76
42 9 1-17 131 134 9 2 1 69 74
80 9 1-16 0* 0 9 2  2 18* 27
22 9 1-15 0* 50 9 2  3 74 73
130 9 1-14 101 107 9 2 4 B6 81
57 9 1—13 20* 24 9 2  5 • 26* 10
141 9 1-12 291 283 9 2 6 75 55
17 9 1-11 32* 55 9 2 7 25* 10
54 9 1-10 31* 56 9 2 8 0* 2
14 9 1 -9 43* 43 9 2 9 ' 48* 44
71 9 1 -0 1B6 IBG 9 2 18 48* 16
7 9 1 -7 94 96 9 3-17 45* 54
IB 9 1 -6 33* 3 9 3-16 2B* 1G
102 9 1 - 5 74 64 9 3-15 6B 54
43 9 1 - 4 105 IB! 9 3 -1 4 32* 11
7 9 1 - 3 21* 37 9 3 -13 23* 55
13 9 I -2 33* 38 9 3-12 0* 57
45 9 1 - I B* 4 9 3 - t l 0* 59
121 9 I 0 156 133 3 3 -16 0* 6
VI
4*
H K L Fobs F ca lc H K L Fobs F ca lc H K L Fob*
9 3  -9 35* 3 9 5  - 7 7? 71 10 1 5 32*
9 3 -0 e* 10 9 5  -6 29* 0 10 1 6 0*
9 3 -7 34* 47 9 5 -5 119 lie 10 1 7 52
9 3 -6 72 06 9 5 - 4 51* 49 IB 1 0 02
9 3 -5 147 152 9 5 -3 60 71 10 2 -1 6 0*
9 3 -4 55 53 9 5 - 2 0* 40 10 2 -1 5 86
9 3 -3 54 61 9 5 -1 0* 23 10 2 -1 4 0*
9 3 -2 100 104 9 5 0 04 79 10 2 -1 3 101
9 3 -1 0* 2 9 5 1 12* 20 10 2 -1 2 66
9 3 B 52 64 9 5 2 33* 5 10 2-11 0*
9 3 1 344 64  . 9 5 3 31* 4 10 2-10 0*
9 3 2 93 102 9 5 4 34* 32 10 2 -9 105
9 3 3 76 77 ■ 10 0 -1 6 60 70 10 2 - 0 65
9 3 4 105 97 10 0 -1 4 117 126 18 2 -7 35*
9 3 5 B* 19 10 8 -1 2 102 127 10 2 - 6 0*
9 3 6 44* 56 10 0 -1 0 8* 34 IB 2 - 5 69
9 3 7 0* 18 10 0 - 8 97 91 10 2 - 4 8*
9 3 8 0* IS 10 0  - 6 201 204 IB 2 - 3 26*
9 3 9 27* 0 10 0 - 4 77 BB 10 2 - 2 8*
9 4-15 15* 12 10 B - 2 114 116 10 2 -1 124
9 4 -1 4 25* 37 10 0  0 57 62 10 2 0 78
9 4-13 B* 39 10 0  2 26* 44 10 2 1 8 *
9 4 -1 2 32* 40 10 0  4 09 82 10 2 2 3B*
9 4-11 B* 1 10 8  6 105 201 IB 2  3 111
9 4-1 0 0* 29 10 0  8 0* 16 10 2 4 3B*
9 4  -9 13* 11 10 1-1? 97 96 10 2 5 0*
9 4 -B B* 21 10 1-16 0* 29 IB 2 6 8 *
9 4 -7 42* 44 IB 1-15 145 151 IB 2 7 49*
9 4 -6 0* 0 10 1-14 0* 30 10 3-15 69
9 4  -5 29* 21 10 1-13 71 69 10 3 -1 4 28*
9 4  - 4 6* 11 18 1-12 8* 3 10 3-13 0*
9 4 -3 26* 3 18 1-11 02 B2 10 3-12 13*
9 4  -2 90 02 IB 1-10 , 114 125 10 3-11 149
9 4  -1 92 103 10 1 - 9 59 56 10 3-10 151
9 4 0 0* 3B 18 1 - 0 137 f32 10 3 - 9 84
9 4 1 37* 44 - IB 1 - 7 0* 19 IB 3 - 0 8*
9 4 2 34* 93 10 1 - 6 64 50 10 3 - 7 103
9 4 3 56 54 10 1 - 5 59 63 10 3 - 6 0*
9 « .4 125 124 10 1 - 4 0* 20 10 3 - 5 81
9 4 5 0* 10 - 10 1 “3 3B* 4 IB 3 - 4 0*
9 4 6 70 69 10 1 - 2 0* 9 IB 3 - 3 29*
9 4 7 0* 6 10 1 -1 0* 30 10 3 - 2 142
9 5 -1 2 10* 36 10 1 0 129 134 10 3 -1 69
9 5-11 57 47 10 1 1 32* 44 10 3 0 70
9 5 -1 0 61 65 10 1 2 47* 72 10 3 1 0*
9 5 -9 0* 27 10 1 3 62 65 10 3 2 0*
9 5 -e 13* 13 IB 1 4 125 136 IB 3 3 0*
R tfloctlom  flagged u lth  an aiiorlsK  uara contldtrtd  unobitrMdi
F ca lc H K L Fob* F ca lc H K L Fobs F ca lc
38 IB 3 4 48* 38 II 1 -1 B* 4
3 10 3 5 0* 36 11 1 B 30* 1
63 IB 4 -1 2 48* 74 11 1 I 0* 10
66 IB 4-11 28* 36 11 1 2 74 72
19 IB 4 -1 0 0* 5 11 1 3 101 189
93 10 4  - 9 129 122 11 1 4 31* 31
41 10 4  -0 1B2 118 11 2 -1 3 33* 24
108 18 4  -7 46* 51 11 2-12 - 33* 40
78 18 4  -6 IB* 22 11 2-11 105 114
34 10 4  -5 79 81 11 2-10 IB* 28
52 10 4  - 4 SB 75 11 2 - 9 ' 8* 25
176 10 4  -3 B« B 11 2 -B 27* 4
63 10 4  -2 32* 40 11 2 - 7 94 93
67 10 4  -1 38* 41 11 2 - 6 45* 51
14 10 4  0 24* 21 11 2 - 5 42* 22
83 10 4  1 0* 11 11 2 - 4 58* 62
19 10 4  2 51* 47 II 2 -3 0* 44
40 10 4  3 0* 18 II 2 - 2 31* 37
IB 10 5  - 7 0* 51 11 2 -1 94 103
125 10 5  -6 B* 7 11 2 8 31* 31
74 10 5  -5 0* 6 11 2 1 0* 35
4 10 5  - 4 48* 27 11 2 2 B« 22
31 10 5 - 3 0* 9 11 2 3 - 43* 48
121 10 5 -2 6* It II 3-11 70 72
31 II 0 -1 4 0* 23 11 3-10 122 132
14 11 0 -1 2 153 154 11 3 -9 21* 3
13 II 0 -1 0 59 SI 11 3 -0 57 54
46 11 0 - 8 0* 7 II 3 -7 0* 5
53 II 0 - 6 0* 2 11 3 -6 0* 13
6 11 0 - 4 0* 15 11 3  -5 8* 31
1 11 8 -2 0* IB 11 3 - 4 0* 21
17 11 8  0 0* 4 11 3 -3 22* 62
154 11 0  2 191 189 11 3 -2 17* 10
151 11 0  4 63 90 11 3 -1 8* 62
83 11 1-14 0 * 12 11 3 0 12* 16
23 11 1-13 25* 17 11 3 1 40* 3
111 II 1-12 76 70 12 8 -1 0 86 90
51 11 l - l l 0* 8 12 0  -8 0* 17
BB II 1-10 37* 27 12 B -6 71 71
30 It 1 -9 54 58 12 8 - 4 127 138
10 II 1 -8 02 90 12 8 -2 B* 4
168 11 1 -7 48* 46 12 1 -9 0* 15
63 11 I -6 8* 50 12 1 -0 0* 23
62 11 1 -5 75 72 12 1 -7 0* 2
26 II I - 4 91 81 12 1 -6 0* 27
63 11 1 -3 0 * 42 12 1 -5 72 03




C o m p o u n d  V I  ( f i g .  3 . 1 )  c a n  b e  v i e w e d  e i t h e r  a s  a 
c y c l o h e x a n e  d e r i v a t i v e  o r  a s  a p s e u d o - g l u c o s e  d e r i v a t i v e .  
The  l a t t e r  v i e w p o i n t  wa s  a d o p t e d  b e c a n s e  o f  t h e  s u b s t i t u e n t s  
o n  t h e  r i n g .  C a r b o n  a t o m s  n u m b e r e d  1 .  2 ,  3 a n d  4 a r e  e a c h
b o n d e d  t o  o n e  h y d r o g e n  a t o m  a n d  on e  a c e t a t e  g r o u p .  C a r b o n  
a t o m  C{5)  i s  b o n d e d  t o  a h y d r o g e n  a t o m  a n d  a CE^ g r o u p  w h i c h  
i s  i n  t u r n  b o n d e d  t o  a n  a c e t a t e  g r o u p .
BOND LENGTHS AND ANGLES
Bond  l e n g t h s  a n d  b o n d  a n g l e s  f o r  c o m p o u n d  VI  a r e  s h o wn  
i n  f i g .  3 . 2 .  A l l  r i n g  b o n d  l e n g t h s  a g r e e  v e r y  w e l l  w i t h  t h e  
a v e r a g e  b o n d  l e n g t h s  d e t e r m i n e d  b y  A r n o t t  a n d  S c o t t ^  i n  a n  
X - r a y  d i f f r a c t i o n  a n a l y s i s  o f  f i b r o u s  p o l y s a c c a r i d e s  c o n t a i n ­
i n g  p y r a n o s e  r i n g s .  T a b l e  3 . 6  c o n t a i n s  t h e  r i n g  b o n d  l e n g t h s  
o f  c o m p o u n d  VI  a s  w e l l  a s  t h o s e  s t u d i e d  b y  A r n o t t  a n d  S c o t t .
B o n d  l e n g t h s  o f  V I  w e r e  a l s o  c o m p a r e d  t o  t h o s e  o f
p - D - G l u c o s e ^  , p - D - a c e t y l c e l l o b i o s e ^ ,  a n d  m e t h y l  t e t r a -
3  5a c e 1 y 1 - P - D - g 1 u c o s e  ; n o  s i g n i f i c a n t  d i f f e r e n c e s  w e r e  
o b s e r v e d .  T h e  s a me  t r e n d  o f  a g r e e m e n t  w a s  n o t i c e d  i n  
c o m p a r i n g  t h e  r i n g  b o n d  a n g l e s  o f  VI  a n d  t h o s e  c o m p o u n d s  
m e n t i o n e d  a b o v e .  M o s t  o f  t h e  r i n g  b o n d  a n g l e s  o f  V I  a r e
c l o s e  t o  t e t r a h e d r a l  v a l u e s ;  h o w e v e r ,  t h e  a n g l e  C( 3 )  -  C ( 4 )  -  
C ( 5 )  ( 1 1 2 . 8 ° )  d i f f e r s  b y  3 . 4 °  f r o m  t h e  i d e a l  v a l u e  o f
o
1 0 9 . 4  . T h e  a g r e e m e n t s  i n  b o n d  l e n g t h s  a n d  a n g l e s ,  i n
a d d i t i o n  t o  t h e  f a c t  t h a t  c o m p o u n d  V I  d o e s  n o t  h a v e  a n y
h y d r o g e n  b o n d i n g ,  i m p l i e s  t h a t  t h e  r i n g  i s  n o t  u n d e r  a n y
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BOND COMPOUND V I ( i ) ARNOTT AND SCOTT
L e n g t h s ( X ) R a n g e s ( l )
C ( l )  -  C ( 2 ) 1 . 5 0 4 1 . 5 2 3 1 . 5 1 0  - 1 . 5 3 8
C { 2 > -  C ( 3 ) 1 . 5 1 4 1 . 5 2 1 1 . 5 0 8  - 1 . 5 3 6
C ( 3 ) -  C ( 4 ) 1 . 5 1 4 1 . 5 2 3 1 . 5 0 9  - 1 . 5 3 7
C ( 4 ) -  C ( 5 ) 1 . 5 1 7 1 . 5 2 5 1 . 5 1 1  - 1 . 5 3 9
C ( 5)  -  C ( 7 )  1 . 5 2 7
C{1)  -  C ( 7)  1 . 5 1 1
T a b l e  3 . 6 :  Bond  l e n g h t s  o f  VI  a n d  r e f e r e n c e  c o m p o u n d s .
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Fig. 3.2 : Bond lengths and angles of compound VI.
60
s t e r i c  o r  p a c k i n g  s t r a i n .  H o w e v e r ,  a s l i g h t  s h i f t  f r o m  t h e  
i d e a l  t e t r a h e d r a l  a n g l e  v a l u e  i s  o b s e r v e d  i n  t h e  a n g l e s  
b e t w e e n  t h e  a c e t y l  o x y g e n s  a n d  c a r b o n  a t o m s  o f  t h e  r i n g .  
T h i s  o b s e r v a t i o n  w a s  n o t e d  i n  t h e  s t u d i e s  m e n t i o n e d  a b o v e  a n d  
c o u l d  be  a t t r i b u t e d  t o  s t e r i c  c r o w d i n g  a r o u n d  t h e  r i n g .
B o n d  l e n g t h s  a n d  a n g l e s  o f  a l l  f i v e  a c e t y l  g r o u p s  
a r e  i n  g o o d  a g r e e m e n t  w i t h  t h o s e  r e p o r t e d  i n  t h e  s t r u c t u r e s  
o f  p - D - a c e t y l c e l l o b i o s e ^  a n d  m e t h y l  t  e t  r  a a c e  t y  1 - p - D - g  1 u -  
c o s e .  T a b l e  3 . 7  s h o ws  t h e  b o n d  l e n g t h  a v e r a g e s  a n d  r a n g e s  
f o r  t h e  f i v e  a c e t y l  g r o u p  i n  c o m p o u n d  V I .  Th e  n o m e n c l a t u r e  
o f  a t o m s  i n  t h i s  t a b l e  ( 3 . 7 )  f o l l o w s  f r o m  t h e  f o l l o w i n g  
i l l u s t r a t i o n  o f  a n  a c e t y l  g r o u p :
w h e r e  Cr  i s  a r i n g  c a r b o n  a t o m .
As f o r  t h e  b o n d  a n g l e s  i n  t h e s e  a c e t y l  g r o u p s ,  t h e y  a l l  
f o l l o w  t h e  t r e n d  t h a t  t h e  a n g l e s  i n v o l v i n g  t h e  c a r b o n y l  
o x y g e n  ( 0 b - Ca - 0 a a n d  0 | )- C a _C'() ) a r e  a l w a y s  g r e a t e r  t h a n  1 2 0 ° .
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BOND
Cr -  Ca 
Oa -  Ca 
Ca -  Ob 
Ca -  Cb
BOND AVERAGE(A) BOND RANGE
1 . 4 4 6
1 . 3 3 9
1 . 2 0 2
1 . 4 8 7
1 . 4 3 9  
1 . 3 1 5  
1 . 1 8 5  
1 . 4 7 4
1 . 4 5 1
1 . 3 5 2
1 . 2 2 3
1 . 5 0 1
T a b l e  3 . 7 :  S e l e c t e d  b o n d  l e n g t h s  o f  c o mp o u n d  V I .
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I t  i s  a l s o  o b s e r v e d  t h a t  t h e  t h i r d  a n g l e  a r o n n d  t h e  c a r b o n y l  
c a r b o n  a t o m fOa - Ca - C ^ )  i s  a l w a y s  l e s s  t h a n  1 2 0 ° .
T h e  l e a s t - s q n a r e s  p l a n e s  o f  a l l  a c e t y l  g r o u p s  w e r e  
c a l c u l a t e d .  C a r b o n  a t o m C ( l l )  o f  t h e  a c e t y l  g r o u p  a t t a c h e d  
t o  C ( l )  o f  t h e  r i n g  wa s  s h i f t e d  0 . 0 1 9 ( 4 ) A  f r o m  t h e  p l a n e  o f  
t h a t  a c e t y l  g r o u p .  E v e r y  o t h e r  a c e t y l  g r o u p  wa s  f o u n d  t o  be  
p l a n a r ;  t h a t  i s ,  no  a t o m wa s  s h i f t e d  mo r e  t h a n  one  e . s . d .  
f r o m  i t s  r e s p e c t i v e  p l a n e .  A l l  a c e t y l  g r o u p s  l i e  i n  t h e i r  
e x p e c t e d  p o s i t i o n s  f o r  a g l u c o s e  d e r i v a t i v e  w i t h  r e s p e c t  t o  
t h e  r i n g ;  a t o m  0 ( 6 1 )  i s  n e a r  t h e  gg p o s i t i o n .
The  r i n g  t o r s i o n  a n g l e s  ( t a b l e  3.8 a n d  f i g .  3.3) a r e  a l l  
w i t h i n  t h e  r a n g e s  r e p o r t e d  b y  A r n o t t  a n d  S c o t t ,  b u t  d i f f e r  
s i g n i f i c a n t l y  f r o m  m e t h y l  t  e t  r  a a c e t  y 1 - p - D - g 1 u c  o s e a n d  
p - D - a c e t y 1 c e 1 1 o b i o s e  . The  l a r g e s t  d i f f e r e n c e s  a r e  o b s e r v e d  
w i t h  a t o m C ( 7 ) .  T h i s  a t o m o c c u p i e s  t h e  same p o s i t i o n  a s  t h e  
g l u c o s e  r i n g  o x y g e n  ( 0 ( 5 ) ) .  T o r s i o n  a n g l e  C( 4 ) - C ( 5 ) - C ( 7 ) -  
C ( l )  i s  8.9° a n d  1 2 . 5 °  l e s s  t h a n  i t s  r e s p e c t i v e  c o u n t e r p a r t s  
i n  m e t h y l  t e t r a c e t y l - p - D - g l u c o s e  a n d  p - D - a  c e t  y 1 c e 11 ob  i  o s e . 
I n  t h e  s a m e  w a y ,  t o r s i o n  a n g l e  C ( 5 ) - C ( 7 ) -  C ( 1 ) - C ( 2  ) i s  
7 . 5 °  a n d  9.9° l e s s  t h a n  i t s  c o u n t e r p a r t s  i n  t h e  same a b o v e  
m e n t i o n e d  c o m p o u n d s .  T h i s  s hows  t h a t  t h e r e  i s  a c o n s i d e r a b l e  
f l a t t e n i n g ,  o f  t h e  r i n g ,  n e a r  a t o m  C ( 7 ) .
COMPOUNDS
TORSION ANGLE VI V I I I I I IV
C ( l ) - C ( 2 ) - C ( 3 ) - C < 4 ) - 5 7  . 2 - 5 2 . 3 - 5 0 . 7 7 - 5 7 . 2 7 - 4 9 . 0 2
C{ 2 ) - C ( 3 ) - C ( 4 ) - C ( 5 ) 5 4 . 1 4 9 . 3 5 3 . 3 8 5 1 . 9 8 4 8 . 9 4
C ( 3 ) - C ( 4 ) - C ( 5 ) - 0 ( 5 ) - 5 2 . 8 - 5 3  .1 - 5 9 . 8 2 - 5 1 . 9 4 - 5 7 . 0 5
C ( 4 ) —C( 5 ) - 0 ( 5 ) - C ( 1 ) 5 5 . 2 6 4 . 1 6 6 . 3 0 5 9 . 7 9 6 7 . 7 5
C ( 5 ) - 0 ( 5 ) - C ( l ) - C ( 2 ) - 6 0 . 2 - 6 7 . 1 - 6 2 . 8 2 - 6 5 . 7 1 - 7 0 . 0 5
0 ( 5 ) - C ( 1 ) - C ( 2 ) - C ( 3) 6 1 . 2 5 9 . 5 53 . 6 7 6 3 . 5 4 5 8 . 9 7
C ( l ) *- C ( 2 ) '  - C  ( 3 ) ' - C ( 4 ) ' - 5 0 . 6 6 - 4 6 . 2 5
C ( 2 ) ' - C ( 3 ) ' - C ( 4 ) ' - C (5) 47 . 9 8 4 6 . 8 9
C( 3 ) ' - C ( 4 ) ' - C ( 5 ) ' - 0 ( 5 ) ' - 5 1 . 1 4 - 5 6 . 5 4
C( 4 ) ' - C ( 5 ) ' - 0 ( 5 ) ' - C ( l ) ' 6 0 . 9 0 6 7 . 7 7
C ( 5)  ' - 0 ( 5 )  ' - C ( l )  ' - C  (2 ).' - 6 5 . 0 5 - 6 9 . 8 7
0 ( 5 )  ' - C ( l )  ' —C ( 2)  ' —C ( 3 ) ' 5 7 . 8 0 5 6 . 7 8
T a b l e  3 . 8 :  R i n g  t o r s i o n a n g l e s  o f c o mp o n n d s  I I t b r o n g h  VI
6 4
- 60.7 (4)
Fig. 3*3 : Selected torsion angles of compound VI.
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RING CONFORMATION
T h e  r i n g  c o n f o r m a t i o n  o f  c o m p o u n d  VI  w i l l  be  d i s c u s s e d
3 3i n  c o m p a r i s o n  w i t h  t h e  c o r r e s p o n d i n g  r i n g s  i n  p - D - g l u c o s e J
9 £
( c o m p o u n d  I I ) ,  c e l l o b i o s e  ( c o m p o u n d  I I I ) ,  { J -D -ace  t y  1 ce  11 o -  
b i o s e ^  ( c o m p o u n d  I V )  a n d  m e t h y l  t  e t  r  a a c e t y  1 - p - D - G l  u c o  se  ^ ® 
( c o m p o u n d  V ) .  Th e  l a t t e r  i s  s i m i l a r  t o  c o m p o u n d  V I  e x c e p t  
f o r  a m e t h y l  g r o u p  i n s t e a d  o f  t h e  a c e t y l  g r o u p  o n  a t o m C { 6 ) .  
T a b l e  3 . 9  s h o w s  t h e  r e p o r t e d  r i n g  c o n f o r m a t i o n  o f  e a c h  
c o m p o u n d ,
I n  c o m p o u n d  V I ,  t h e  l e a s t - s q u a r e s  p l a n e  p a s s i n g  t h r o u g h  
c a r b o n  a t o m s  C ( 2 ) ,  C ( 3 ) ,  C ( 5 ) ,  a n d  C ( 7 )  s h o w e d  t h a t  t h e s e
a t o m s  l i e  e x a c t l y  i n  t h e  p l a n e ,  w i t h  c a r b o n  a t o m  C ( l )  a t  
a d i s t a n c e  0 . 7 0 7 ( 4 ) A  b e l o w  t h e  p l a n e  a n d  c a r b o n  a t o m  C{4)  a t  
a d i s t a n c e  o f  0 . 6 3 1 ( 4 ) A  a b o v e  t h e  p l a n e .  T h e s e  d a t a  i n d i c a t e  
t h a t  t h e  r i n g  i s  i n  t h e  c h a i r  c o n f o r m a t i o n .  T h i s  i s  t h e
same c o n f o r m a t i o n  r e p o r t e d  f o r  c o m p o u n d  V.  H o w e v e r ,  s i n c e  
m o s t  o f  t h e  o t h e r  a b o v e  m e n t i o n e d  s t r u c t u r e s  h a v e  r i n g s  t h a t  
p r e f e r  t h e  ^ C°  c h a i r  c o n f o r m a t i o n ,  a m o r e  d e t a i l e d  c o n f o r m a ­
t i o n a l  s t u d y  o f  t h e  r i n g s  w a s  c a l l e d  f o r .
Th e  p o s i t i o n a l  p a r a m e t e r s  o f  t h e  r i n g  a t o m s  a l o n g  w i t h  
t h e i r  s t a n d a r d  d e v i a t i o n s  w e r e  u s e d  i n  p r o g r a m  RINGCON^^,  
w h i c h  c a l c u l a t e s  t h e  p u c k e r i n g  a m p l i t u d e s ,  t h e  p s e u d o  
r o t a t i o n  a n g l e s  a n d  t h e  d e v i a t i o n s  f r o m  i d e a l  ( m i r r o r  o r  
t w o - f o l d  r o t a t i o n )  s y m m e t r y  e l e m e n t s .
T a b l e s  3 . 1 0  a n d  3 . 1 1  l i s t  t h e  r e s u l t s  f o x  t h e  r i n g  
c o n f o r m a t i o n  s t u d y  a p p l i e d  t o  c o m p o u n d s  I I  t h r o u g h  V I .
Compound R in g  C o n f o r m a t i o n
VI 4 C
I I  - c °
1
3^
I I I  i  , C °3'
i i  4 C




T a b l e  3 , 9 :  R i n g  c o n f o r m a t i o n  o f  c o mp o u n d s  I I  t h r o u g h  V I .
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A l o o k  a t  t h e  p u c k e r i n g  a m p l i t u d e s  s h o w s  t h a t  a l l  
r i n g s  a r e  p u c k e r e d  t o  n e a r l y  t h e  same e x t e n t  e x c e p t  f o r  r i n g  
i i  i n  c o m p o u n d  I I I  ( t a b l e  3 . 1 0 ) .  T h i s  r i n g  i s  r e p o r t e d  t o  be  
i n  t h e  c h a i r  c o n f o r m a t i o n ,  i n  c o n t r a s t  t o  r i n g  i  o f
c o m p o u n d  I I  a n d  t h e  t wo  r i n g s  o f  t h e  c o m p o u n d  I V.  H o w e v e r ,  
t h e  r e s u l t s  s h o w  t h a t  c o m p o u n d s  V I  a n d  V h a v e  t h e  s a m e  
p u c k e r i n g  a m p l i t u d e s ,  b u t  t h e y  d i f f e r  i n  t h e i r  p s e u d o  
r o t a t i o n  a n g l e s .  Compound  V I  h a s  a n  a n g l e  o f  - 1 6 8 . 3 5 °  a n d  
c o m p o u n d  V h a s  a n  a n g l e  o f  1 5 0 . 3 9 ° .  T h e  p s e u d o  r o t a t i o n  
a n g l e  f o r  a n  i d e a l  c h a i r  c o n f o r m a t i o n  i s  2 n n / 6 .  T h u s ,  a l l  o f  
t h e  r i n g s  d e v i a t e  f r o m  t h e  i d e a l  c o n f o r m a t i o n .
The  a p p r o x i m a t e  s y m m e t r y  a t  e v e r y  a t o m  i s  d e t e r m i n e d  by  
p r o g r a m  RINGCON, a n d  t h e  d e v i a t i o n  i n  d e g r e s s  f r o m  t h e  i d e a l  
s y m m e t r y  i s  c a l c u l a t e d .  A c o n f o r m a t i o n  m e a n s  t h a t  c a r b o n
a t o m s  C ( l )  a n d  C ( 4 )  a r e  l o c a t e d  o n  a m i r r o r  p l a n e .  T h e  
d e v i a t i o n  f r o m  C g s y m m e t r y  i n  c o m p o u n d  V I  i s  1 . 5 9 °  a s  
c o m p a r e d  t o  4 . 4 °  a n d  5 . 9 9 °  f o r  t h e  a p p r o x i m a t e  m i r r o r  p l a n e s  
p a s s i n g  t h r o u g h  c a r b o n  a t o m s  ( C ( 2 ) ,  C ( 5 ) )  a n d  ( C ( 3 ) ,  C ( 7 ) )
r e s p e c t i v e l y .  I n  c o m p o u n d  V, t h e  a p p r o x i m a t e  m i r r o r  ( w i t h  
t h e  l e a s t  d e v i a t i o n  f r o m  C g s y m m e t r y )  p a s s e s  t h r o u g h  0 ( 5 )  a n d  
C( 3 )  ( d e v i a t i o n  i s  4 . 5 1 ° ) .  T h i s  i m p l i e s  t h a t  t h e  r i n g  i s  
b e t t e r  r e p r e s e n t e d  b y  a m i r r o r  p a s s i n g  t h r o u g h  0 ( 5 )  a n d  C ( 3 )  
r a t h e r  t h a n  a m i r r o r  t h r o u g h  C ( l )  a n d  C ( 4 ) .  T h u s  t h e  r i n g
o
c o n f o r m a t i o n  i n  V i s  n e a r l y  a gC c h a i r .  As f o r  t h e  r i n g s  i n  
c o m p o u n d s  I I ,  I I I  a n d  I V,  o u r  c a l c u l a t i o n s  a g r e e  w i t h  t h e  
r e p o r t e d  c o n f o r m a t i o n .
The  m o l e c u l a r  m e c h a n i c s  p r o g r a m  QCPE^® a l l o w e d  a l l  a t o m s  
o f  c o m p o u n d  VI  t o  r e l a x  a n d  a s s u m e  a mi n i mu m e n e r g y  c o n f i ­
g u r a t i o n .  T h e  r e s u l t i n g  m i n i m u m  e n e r g y  m o d e l  w a s  t h e n  
s t u d i e d  u s i n g  p r o g r a m  RINGCON w h i c h  s h o we d  t h a t  t h e  r i n g  h a s  
a p u c k e r i n g  a m p l i t u d e  o f  0 . 5 9 4 ( 3 )  w h i c h  i s  w i t h i n  t h r e e  
s t a n d a r d  d e v i a t i o n s  o f  t h e  o b s e r v e d  p u c k e r i n g  a m p l i t u d e  o f  
c o m p o u n d  VI  ( 0 . 5 8 2 ( 4 ) ) .  T h e  p s e u d o - r o t a t i o n  a n g l e  r e m a i n e d  
e s s e n t i a l l y  t h e  s a me ,  c h a n g i n g  o n l y  0 . 7 2 ° .  The  s i g n i f i c a n t  
r e s u l t  i s  t h a t  t h e  p r e f e r r e d  c o n f o r m a t i o n  i s  ( c h a i r ) ,
w i t h  a d e v i a t i o n  o f  0 . 3 2 °  f r o m  C s y m m e t r y ,  w h e r e a s  t h e  o t h e rs
t w o  " m i r r o r s "  i n  t h e  r i n g  show d e v i a t i o n s  o f  6 . 9 4 °  a n d  7 . 1 6 ° .
I n  c o n c l u s i o n ,  i t  i s  n o t  c l e a r  why t h e  r i n g  a d o p t s  a 
c e r t a i n  c o n f o r m a t i o n :  s p e c i f i c a l l y ,  why t h e  r i n g  i n  c o mp o u n d
A  n








Mi n .  £ .
Mode l  o f  VI
*Av e r  a g e e . s 





0 . 5 8 2 ( 4 )  - 1 6 8 . 3 5
0 . 5 8 4  ( 3 )  8 3 . 8
i  0 . 5 9 7 ( 4 )  - 1 6 4 . 2 5
i i  0 . 5 5 8 ( 4 )  1 5 2 . 4 7
i  0 . 5 9 7 ( 4 )  -  6 1 . 1 3
i i  0 . 5 8 4 ( 6 )  1 1 8 . 5 6
0 . 5 8 2 ( 4 )  1 5 0 . 3 9
0 . 5 9 4 ( 3 )  - 1 6 7 . 5 3
d.  f o r  p s e u d o  r o t a t i o n  a n g l e  i s  2 . 7 3 '
P u c k e r i n g  a m p l i t u d e s  a n d  p s e u d o  r o t a t i o n  a n g l e s  
o f  c o m p o u n d s  I I  t h r o u g h  V I .
COMPOUND VI COMPOUND II COMPOUND III
ring i ring ii
Atom
*
D e v i a t o n Atom d e v . a tom d e v . a tom d e v .
C ( l ) 1 . 5 9 CC1) 1 1 . 0 5 C ( 1) 1 . 9 2 C ( l )  ’ 7 . 4 7
C ( 2) 4 . 4 0 C (2) 6 . 8 2 C ( 2) 9 . 8 2 C ( 2 )  ’ 1 2 . 0 8
C (3 ) 5 . 9 9 C (3) 4 . 3 5 C (3 ) 8 . 1 1 C ( 3 ) ’ 4 . 7 9
C (4 ) 1 . 5 9 C (4) 1 1 . 0 5 C( 4 ) 1 . 9 2 C( 4 )  ' 7 . 4 7
C (5 ) 4 . 4 0 C (5) 6 . 8 2 C ( 5) 9 . 8 2 C ( 5 )  ' 1 2 . 0 8
C (7 ) 5 . 9 9 0 ( 5 ) 4 . 3 5 0 ( 5 ) 8 . 1 1 0 ( 5 )  ' 4 . 7 9
D e v i a t i o n  i n  d e g r e s s  f r o m  a n  i d e a l  m i r r o r  p l a n e  p a s s i n g  t h r o u g h  t l i a t  a t o m .
* *
A v e r a g e  e . s . d . ' s  f o r  d e v i a t i o n s  i n  c omp o u n d  VI  i s  0 . 2 7 ,  I I  i s  0 . 2 0 ,  I I  i s  0 . 2 1  a n d  
0 . 2 2 ,  IV i s  0 . 2 9  a n d  0 . 3 7 ,  V i s  0 . 2 4 .
T a b l e  3 . 1 1 :  D i s t o r t i o n  o f  r i n g  a t o m s  f r o m  s y m m e t r y  e l e m e n t s .
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COMPOUND IV
r i n g  i
Atom D e v .
C ( l ) 13 . 4 1
C ( 2 ) 1 4 . 8 2
C( 3) 1 . 7 3
C ( 4 ) 1 3 . 4 1
C( 5) 1 4 . 8 2
0 ( 5 ) 1 . 7 3
r i n g  i i
Atom d e v .
C<1) ’ 1 5 . 5 7
C{2)  ' 1 5 . 9 7
C { 3 ) ' 1 . 2 8
C( 4 )  ' 1 5 . 5 7
C ( 5 )  ' 1 5 . 9 7
0 ( 5 )  ’ 1 . 2 8
T a b l e  3 . 1 1  ( c o n ' t . )
COMPOUND Y MIN. E . MOLECULE OF VI
a t o m d e v . a t om d e v .
C ( l ) 8 . 7 1 C ( l ) 0 . 3 2
C ( 2 ) 13 . 1 1 C ( 2 ) 6 . 9 4
C( 3) 4 . 5 1 C ( 3 ) 7 . 1 6
C (4 > 8 . 7 1 C ( 4 ) 0 . 3 2
C ( 5 ) 1 3 . 1 1 C( 5 ) 6 . 9 4
0 ( 5 ) 4 . 5 1 C ( 7 ) 7 . 1 6
B i [ P t 0
CHAPTER IV




Wh e n  t e t r a c y a n o m e t a  1 1 a t  e i o n i c  c o m p o u n d s  c r y s t a l l i z e ,  
s q u a r e  p l a n e s  o f  M( CN) ^  s t a c k  i n  c o l u m n s  i n  o n e  d i r e c t i o n  o f  
t h e  c r y s t a l  l a t t i c e .  T h e s e  c o l u m n s  a r e  s e p a r a t e d  b y  t h e  
i n t e r v e n i n g  c a t i o n s  a n d  w a t e r  m o l e c u l e s  o f  c r y s t a l l i z a t i o n .  
An i n t e r e s t i n g  c h a r a c t e r i s t i c  o f  t h e s e  c o m p o u n d s  i s  t h e  
d i c h r o i c  a b s o r p t i o n  s p e c t r a  t h e y  p o s s e s s  i n  t h e  s o l i d  s t a t e  
t h a t  h a s  no  c o u n t e r p a r t  i n  t h e  c o r r e s p o n d i n g  s o l u t i o n  
s p e c t r a .
T h e  f a c t  t h a t  t h e  M t C N ) ^ -  g r o u p s  s t a c k  i n  i n f i n i t e  
c o l u m n s  i n  t h e  c r y s t a l  o p e n s  t h e  d o o r  f o r  i n t e r a c t i o n s  
b e t w e e n  m e t a l  o r b i t a l s  t h a t  a r e  n o t  i n v o l v e d  i n  s i g m a  b o n d i n g  
w i t h  t h e  c y a n i d e  l i g a n d s .  The  m e t a l  o r b i t a l  t h a t  i s  p r i m a r ­
i l y  r e s p o n s i b l e  f o r  s u c h  i n t e r a c t i o n  i s  t h e  d z 2 b e c a u s e  i t  i s
ty
o r i e n t e d  p e r p e n d i c u l a r  t o  t h e  M( CN) ^  s q u a r e  p l a n e s  a n d  i s  
t h e r e f o r e  a b l e  t o  o v e r l a p  w i t h  t h e  d 2 o r b i t a l  on  a d j a c e n t
A _
M ( C N ) ^  g r o u p s .  T h e  e x t e n t  o f  m e t a l  o r b i t a l  i n t e r a c t i o n
d e p e n d s  h e a v i l y  on  t h e  M—M s e p a r a t i o n  d i s t a n c e  a n d  o n  t h e
r e l a t i v e  o r i e n t a t i o n  o f  t h e  s q u a r e  p l a n a r  a n i o n s .
The  s p e c t r a  o f  ma ny  P t , Pd a n d  Ni  c o m p o u n d s  h a v e  b e e n  
3 9 4 0i n v e s t i g a t e d  ' a n d  a l l  s h o w  t h e  d e p e n d e n c e  o f  t h e  one  
d i m e n s i o n a l  p h y s i c a l  p r o p e r t i e s  o n  t h e  c o l u m n a r  s t a c k i n g  o f
ty —
M( CN) ^ g r o u p s  i n  t h e  s o l i d  s t a t e .  On t h e  o t h e r  h a n d ,  f ew
m i x e d  m e t a l  c r y s t a l  s t u d i e s  h a v e  b e e n  c a r r i e d  o u t .  T h e s e  
p r o v i d e  s i g n i f i c a n t  e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  t h e  one
d i m e n s i o n a l  p r o p e r t i e s  i n  t h e  s o l i d  s t a t e .  S t r o n g  e v i d e n c e  
o f  m e t a l  o r b i t a l  i n t e r a c t i o n  i n  t h e  " m i x e d  m a g n u s  s a l t "  l i k e
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[ P t ( N H 3 ) J + [ P d C l J “ ] a n d  [ P d ( N H 3 ) $ + ] [ P t C l J - ] wa s  r e p o r t e d  by  
A n e x ? *  H o w e v e r ,  t h e s e  c o m p o u n d s  o n l y  e x i s t  i n  a 1 : 1  r a t i o  o f  
P t  a n d  P d .  Co mp o u n d s  o f  t e t r a c y a n o n e t a 11 a t e s  do n o t  p r e s e n t  
t h i s  d i s a d v a n t a g e .  R . S .  M u s s e l m a n ,  who p r o v i d e d  c r y s t a l s  o f  
t h e  c o m p o u n d  d i s c u s s e d  i n  t h i s  c h a p t e r ,  p r e p a r e d  m a n y  
c o m p o u n d s  w i t h  v a r y i n g  r a t i o s  o f  P t  a n d  N i ^ .
The  s p e c t r a l  p r o p e r t i e s  o f  t h e s e  m i x e d  m e t a l  c r y s t a l s  
h a v e  b e e n  s t u d i e d ^ .  The  m a i n  g o a l  o f  t h e s e  s t u d i e s  w a s  t o  
f o l l o w  c l o s e l y  t h e  a b s o r p t i o n  b a n d  d u e  t o  o u t - o f - p l a n e  
t r a n s i t i o n s  a s  a f u n c t i o n  o f  P t / N i  r a t i o .
T h e  d i s c u s s i o n  i n  t h i s  c h a p t e r  w i l l  d e a l  w i t h  t h e  
c r y s t a l  s t r u c t u r e  o f  o n e  o f  t h e s e  m i x e d  m e t a l  s a l t s ,
Ba [ { P t , N i ) < C N ) 4 ] . 4 H 2 0 .
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EXPERIMENTAL
C r y s t a l s  o f  B a [ ( P t x , N i j _ ^ ) ( CN) 4 ] . 4Hj O w e r e  p r o v i d e d  by
D r .  R . L .  M u s s e l m a n .  A s u i t a b l e  s i n g l e  c r y s t a l  wa s  s e l e c t e d
a n d  m o u n t e d  o n  a g l a s s  f i b e r  f i x e d  o n  a c o p p e r  p i n .  T h i s
a s s e m b l y  wa s  p l a c e d  o n  a g o n i o m e t e r  h e a d  w h i c h  i n  t u r n  w a s
m o u n t e d  o n  a n  E n r a f - N o n i u s  CAD4 X - r a y  d i f f r a c t o m e t e r .
P r o g r a m  SEARCH'*’® l o c a t e d  25 r e f l e c t i o n s  o f  w h i c h  16  w e r e
1 1u s e d  i n  i n d e x i n g  t h e  r e c i p r o c a l  l a t t i c e  by p r o g r a m  INDEX.
The  r e s u l t i n g  u n i t  c e l l  wa s  t r i c l i n i c .  H i g h e r  s y m m e t r y  was
t h e n  c h e c k e d  by  u s i n g  t h e  c e l l  d i m e n s i o n s  w i t h  t h e i r  e . s . d . ' s
1 3i n  p r o g r a m  TRACER w h i c h  p r o d u c e d  a C - c e n t e r e d  m o n o c l i n i c  
u n i t  c e l l .  S i x  s t r o n g  r e f l e c t i o n s ,  a l o n g  w i t h  t h e i r  s y mme t r y
e q u i v a l e n t  r e f l e c t i o n s  i n  f o u r  q u a d r a n t s  w e r e  u s e d  t o  o b t a i n
m o r e  a c c u r a t e  c e l l  d i m e n s i o n s  ( T a b l e  4 . 1 ) .
D u r i n g  d a t a  c o l l e c t i o n  ( Mo- Ka r a d i a t i o n ,  1°  < 29  < 3 0 ° )
r e f l e c t i o n s  f o r  w h i c h  h + k i s  odd  w e r e  n o t  m e a s u r e d  s i n c e
t h e y  a r e  s y s t e m a t i c a l l y  a b s e n t  i n  a C - c e n t e r e d  l a t t i c e .  
R e f l e c t i o n s  ( 4  0 0 ) ,  ( 0  8 0 )  a n d  ( 0  0 4 )  w e r e  m e a s u r e d
r e p e a t e d l y  t h r o u g h o u t  d a t a  c o l l e c t i o n  f o r  i n t e n s i t y  c o n t r o l  
p u r p o s e s  a n d  c r y s t a l  d e c a y  d e t e c t i o n .  T h e  i n t e n s i t i e s  o f  
r e f l e c t i o n s  ( 1 9 2 )  a n d  ( 6 4 2 )  w e r e  m e a s u r e d  p e r i o d i c a l l y  ( a f t e r  
e v e r y  2 00  r e f e l c t i o n s )  f o r  o r i e n t a t i o n  c o n t r o l .
A f t e r  d a t a  c o l l e c t i o n  wa s  c o m p l e t e d  t h e  i n t e n s i t i e s  o f  
s i x  r e f l e c t i o n s  [ ( 0 0 4 ) ,  ( 0 0 2 ) ,  ( 2 0 4 ) ,  ( 0 0 2 ) ,  ( 0 0 4 )  a n d  ( 2 0 4 ) ]
a l l  n e a r  Ch i  = 90°  w e r e  m e a s u r e d  u s i n g  a n  i n c r e m e n t a l  P s i  
v a l u e  o f  1 0 ° .  T h e s e  r e l e c t i o n s  w e r e  u s e d  f o r  an  e m p i r i c a l
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CRYSTAL DATA
F o r m a l a
F o r m u l a  W e i g h t  ( g r . )  
C r y s t a l  S i z e  (mm) 
C r y s t a l  S y s t e m  
S p a c e  G r o u p  
Do ( g / c m 3 )
B , [ P t 0 . 5 9 N i 0 . 4 1 <CN)4
4 5 2 . 6 6
0 . 3  x 0 . 3  x 0 . 3 4  
M o n o c l i n i c
C2 / c
2 . 8 3
z ( m o l e c u l e / c e l l )
a  ( X )  
b (X) 
c (X) 
P  < " >  
v (X3)
l ( Mo  -  KQ) (X)
1 2 . 2 0 9 ( 2 )  
1 3 . 7 5 2 ( 2 )  
6 . 6 3 8 ( 1 )  
1 0 7 . 7 6 ( 1 )  
1 0 6 1 . 4 ( 5 )  
0 . 7 1 0 6 9
D a t a  C o l l e c t i o n
I n t e n s i t i e s :  m e a s n r e d  1 8 0 4
I  > 3 a ( I )  1487
Mi ni mum t r a n s m i s s i o n  5 8 . 4 %
V a r i a b l e s  69
R = I F o I  -  | F c |  I /  ^  I FoI
Rw = ( J w f l F o l  -  l F c l ) 2 / ^ w | F o | 2 ) 1 / 2
0 . 0 4 6 9  
0 . 0 6 9 9
. 4 HjO
T a b l e  4 . 1 :  C r y s t a l  d a t a  o f  Compound V I I .
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( P s i - s c a n )  a b s o r p t i o n  c o r r e c t i o n .  The  r a w d a t a  wa s  r e d n c e d  
a n d  m e r g e d  by  t h e  S H E L X ^  p r o g r a m  p a c k a g e .
A t o t a l  o f  1 8 0 4  r e f l e c t i o n s  w e r e  m e a s u r e d ,  o f  w h i c h  1 5 8 0  
w e r e  g r e a t e r  t h a n  3 o ( I ) .  A l l  r e f l e c t i o n s  a r e  i n  t wo  o c t a n t s  
( ± h ,  + k ,  + 1 ) .
P r o g r a m  C L A S S I F Y ^  s o r t e d  t h e  r e f l e c t i o n s  i n t o  i n t e n s i t y  
a n d  p a r i t y  g r o u p s .  T h e  r e s u l t  r e v e a l e d  t h e  a b s e n c e  o f  
r e f l e c t i o n s  h o i  w h e n  1 i s  o d d .  T h i s  i n d i c a t e s  t h e  p r e s e n c e  
o f  a g l i d e  p l a n e  i n  t h e  c. d i r e c t i o n .  H o w e v e r ,  u p o n  c a r e f u l l y  
e x a m i n i n g  t h e  d a t a ,  a t o t a l  o f  17 r e f l e c t i o n s  f r o m  t h e  h o i  
g r o u p  w i t h  1 odd  w e r e  f o u n d  t o  b e  m e a s u r e d  a t  a s l o w  s c a n  
s p e e d  o f  0 . 2  d e g . / m i n .  E a c h  o f  t h e s e  17 r e f l e c t i o n s  h a s  a n  
* / o ( I )  r a t i o  l a r g e r  t h a n  6 i n  s p i t e  o f  t h e i r  r e l a t i v e l y  s m a l l  
a b s o l u t e  i n t e n s i t i e s .
The  u n c e r t a i n t y  i n  t h e  h o i  g r o u p  w i t h  1 o dd  f o r c e d  t h e  
s t r u c t u r e  r e f i n e m e n t  i n  t wo s p a c e  g r o u p s :  C2 a n d  C 2 / c .
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STRUCTURE SOLUTION AND REFINEMENT
The  s t r u c t u r e  o f  B a [ P t ^  ^  Ni ^  ^  { C N j ^ l M H j O  wa s  s o l v e d  
by  t h e  h e a v y  a t o m t e c h n i q u e ^  { P a t t e r s o n )  a s s u m i n g  C 2 / c  t o  be 
t h e  s p a c e  g r o u p .  The P a t t e r s o n  map r e v e a l e d  t h e  p o s i t i o n s  o f  
t h e  h e a v y  e l e m e n t s  ( B a ,  P t  a n d  N i ) .
P t  a n d  Ni  a t o m s  o c c u p y  t h e  same p o s i t i o n  i n  t h e  u n i t  
c e l l .  T h a t  i s ,  P t  i s  f o u n d  i n  59% o f  t h e  a n i o n s  w h i l e  Ni  i s  
i n  41%.  The  d i s t r i b u t i o n  o f  P t  a n d  Ni  i n  t h e  c r y s t a l  l a t t i c e  
i s  a p p a r e n t l y  r a n d o m :  i n  o t h e r  w o r d s ,  t h e r e  i s  n o  s y s t e m a t i c  
p a t t e r n  o f  o c c u r e n c e s  o f  a n i o n s  h a v i n g  e i t h e r  o f  t h e s e  t w o  
m e t a l  a t o m s .
T h e  Ba a n d  P t / N i  a t o m s  w e r e  f o u n d  t o  o c c u p y  s p e c i a l  
p o s i t i o n s  i n  t h e  u n i t  c e l l .  T a b l e  4 . 2  l i s t s  t h e  s y m m e t r y  a n d  
p o s i t i o n s  o f  t h e s e  a t o m s .
Atom W y ck o ff  N o t a t i o n  S i t e  Sym m etry  P o s i t i o n s
Ba 4 e 2 0 , y , 1 / 4 , : 0 , y , 3 / 4
P t / N i  4 a  1 0 , 0 , 0 : 0 , 0 , 1 / 2
T a b l e  4 . 2 :  S p e c i a l  p o s i t i o n s  o f  Ba a n d  P t / N i  a t o m s .
T h e  s i t e  o c c u p a t i o n  f a c t o r  ( S . O . F )  f o r  Ba i s  0 . 5 ,  a n d  
s i n c e  P t  a n d  Ni  s h a r e  t h e  same p o s i t i o n  i n  t h e  a v e r a g e  u n i t  
c e l l ,  e a c h  was  a s s i g n e d  a n  S . O . F .  o f  0 . 2 5  ( a s s u m i n g  50 mol e% 
o f  e a c h )  i n  t h e  e a r l y  s t a g e s  o f  r e f i n e m e n t .
A d i f f e r e n c e  f o u r i e r  map r e v e a l e d  t h e  p o s i t i o n s  o f  a l l  
n o n h y d r o g e n  a t o m s .  The p o s i t i o n a l  a n d  t h e r m a l  p a r a m e t e r s  o f
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a l l  n o n h y d r o g e n  a t o m s  w e r e  r e f i n e d  f o r  s e v e r a l  c y c l e s  b y  
w e i g h t e d ,  f u l l  m a t r i x  l e a s t  s q u a r e s  u n t i l  no  m o r e  s i g n i f i c a n t  
s h i f t s  w e r e  o b s e r v e d .  The  p o s i t i o n a l  a n d  t h e r m a l  p a r a m e t e r s  
o f  P t  a n d  N i  w e r e  e q u a t e d  a s  " f r e e "  v a r i a b l e s .
I n  t h i s  r e f i n e m e n t  m o d e l  ( m o d e l  I )  t h e  S . O . F .  o f  P t / N i ,  
s u b j e c t  t o  a c o n s t r a i n t ,  wa s  a l l o w e d  t o  r e f i n e  a s  a n  i n d e p e n ­
d e n t  v a r i a b l e .  T h e  S . O . F .  o f  P t  r e f i n e d  t o  0 . 2 9 5 ( 1 )  a n d  
c o n s e q u e n t l y ,  t h e  S . O . F .  o f  Ni  wa s  0 . 2 0 5 ( 1 )  ( s i n c e  t h e  P t / N i  
l i e  o n  a c e n t e r  o f  i n v e r s i o n ,  t h e i r  c o m b i n e d  S . O . F .  i s  0 . 5 ) .  
T h u s ,  t h e  r e l a t i v e  P t / N i  r a t i o  i s  0 . 5 9 / 0 . 4 1 .
A f t e r  t h e  f i n a l  c y c l e  o f  l e a s t  s q u a r e s  r e f i n e m e n t ,  n o  
p a r a m e t e r  P s h i f t e d  m o r e  t h a n  0 . 4 o ( P )  a n d  t h e  h i g h e s t  
r e s i d u a l  e l e c t r o n  d e n s i t y  ( 2 e . X  ^ )  i n  t h e  f i n a l  d i f f e r e n c e  
f o u r i e r  ma p  w a s  0 . 8 9 &  f r o m  t h e  P t / N i  p o s i t i o n .  T h i s  p e a k  wa s  
c o n s i d e r e d  t o  b e  t h e r m a l  " n o i s e " .  T h e  f i n a l  R - v a l u e  i s  
0 . 0 4 6 9  a n d  Rw i s  0 . 0 6 9 9  o v e r  1 4 8 7  r e f l e c t i o n s  ( f o r  w h i c h  I  > 
3 or ( I ) ) .
MODEL I I
T h e  s t r u c t u r e  w a s  s o l v e d  a l s o  i n  s p a c e  g r o u p  C2 b y  
i n c l u d i n g  t h e  w e a k  h o i  r e f l e c t i o n s  f o r  w h i c h  1 i s  o d d .  I n  
t h i s  m o d e l ,  P t / N i  a n d  Ba  a r e  t r e a t e d  t h e  s a me  a s  i n  m o d e l  I  
e x c e p t  t h a t  now P t / N i  i s  i n  a g e n e r a l  p o s i t i o n  a n d  t h e r e  a r e  
f o u r  CN l i g a n d s  i n  t h e  a s y m m e t r i c  u n i t .  A n i s o t r o p i c  t h e r m a l  
p a r a m e t e r s  w e r e  r e f i n e d  f o r  a l l  a t o m s .  The  S . O . F .  o f  P t  a n d  
Ni  r e f i n e d  t o  0 . 6 0 ( 1 )  a n d  0 . 4 0 ( 1 ) ,  r e s p e c t i v e l y .  The  f i n a l
so
r e f i n e m e n t  o f  t h i s  m o d e l  g a v e  a n  R - v a l n e  o f  0 . 0 4 5 9  a n d  Rw o f
0 . 0 6 9 2  o v e r  1 5 1 4  ( f o r  w h i c h  I  > 3 e  ( I ) ) .
A l t h o u g h  m o d e l s  I  a n d  I I  a r e  g o o d  r e p r e s e n t a t i o n s  o f  t h e  
c r y s t a l  s t r u c t u r e  i n  t h e  " a v e r a g e "  u n i t  c e l l ,  t h e y  do n o t  
p r e s e n t  t h e  i n d i v i d u a l  m o l e c u l a r  a n i o n  s t r u c t u r e s  w e l l .  - T h i s  
i s  a r e s u l t  o f  t h e  d i s o r d e r  o f  P t  a n d  N i  t h r o u g h o u t  t h e  
c r y s t a l  l a t t i c e .
C o n s i d e r  t h e  t w o  a n i o n s  o f  t h i s  s t r u c t u r e ,  ( P t t C N ) ^ ” )
ft
a n d  N i ( CN)^ ) .  The  m a i n  s t r u c t u r a l  d i f f e r e n c e  b e t w e e n  t h e s e
t wo  a n i o n s  i s  t h a t  t h e  c a r b o n  a t o m s  i n  t h e  N i  a n i o n  a r e  
c l o s e r  t o  t h e  c e n t r a l  a t o m .  T h i s  r e s u l t s  d i r e c t l y  f r o m  t h e  
s m a l l e r  c o v a l e n t  r a d i u s  o f  N i ( 1 . 2 1 A ) 44 c o m p a r e d  t o  t h a t  o f  
P t ( 1 . 3 5 i ) l 4 As a c o n s e q u e n c e  o f  t h e  s m a l l e r  r a d i u s  o f  N i ,  
t h e  N i  N d i s t a n c e  i s  a l s o  s h o r t e r  t h a n  t h e  P t  N d i s t a n c e
( f i g .  4 . 1 ) .
P t / N i
£ _
The  d o t t e d  a t o m s  ( C ^ ,  ) b e l o n g  t o  CN c o o r d i n a t e d  t o
N i .  C£N£ i s  c o o r d i n a t e d  t o  P t .
F i g .  4 . 1 D i s o r d e r e d  M( CN) ^  a n i o n s .
F i g .  4 . 1  s h o ws  t h a t  m o d e l s  I  a n d  I I  a c c o u n t e d  f o r  t w o  
" p a r t i a l "  a t o m s  ( f o r  e x a m p l e  C ^ / C ^ )  a s  o n e  w h o l e  a t o m .  An
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u n s u c c e s s f u l  a t t e m p t  wa s  made  t o  r e s o l v e  t h e  p o s i t i o n s  o f
t h e s e  t w o  " p a r t i a l "  a t o m s  by c a l c u l a t i n g  t h e  d i m e n s i o n s  o f
t h e i r  c o m b i n e d  t h e r m a l  e l l i p s o i d .  t h e  r e s u l t s  a r e  p r e s e n t e d  
i n  A p p e n d i x  B.
MODEL I I I
___________  S p a c e  G r o u p  C 2 / c
T h i s  m o d e l  c o n t a i n s  t wo r i g i d  g r o u p s  r e p r e s e n t i n g  t h e  
t wo  a n i o n s ,  o n e  w i t h  a P t  a t o m  a n d  t h e  o t h e r  w i t h  N i .  The  
P t - C  d i s t a n c e  wa s  f i x e d  a t  1 . 9 8 8 A^ ® a n d  t h e  N i - C  d i s t a n c e  wa s  
f i x e d  a t  1 . 8 7 0 A^ ® A n g l e s  b e t w e e n  a d j a c e n t  l i g a n d s  w e r e  f i x e d  
a t  90°  i n  o r d e r  t o  m a i n t a i n  a n  i d e a l  s q u a r e  p l a n a r  g e o m e t r y .  
The  p o s i t i o n a l  a n d  a n i s o t r o p i c  t h e r m a l  p a r a m e t e r s  o f  P t  a n d  
Ni  w e r e  e q u a t e d .  One v a r i a b l e  r e p r e s e n t e d  t h e  S . O . F .  o f  Pt  
a n d  a l l  a t o m s  i n  i t s  r i g i d  g r o u p .  The  S . O . F .  o f  Ni  a n d  a l l  
a t o m s  i n  i t s  r i g i d  g r o u p  wa s  : 0 . 2 5  -  S . O . F .  o f  P t .  E a c h  
r i g i d  g r o u p  wa s  a l l o w e d  t o  r o t a t e  a r o u n d  t h e  p i v o t  a t o m  t o
a t t a i n  t h e  b e s t  f i t  w i t h  t h e  d a t a .  P t  a n d  Ni  a t o m s ,  u s e d  a s
t h e  p i v o t  a t o m s  i n  t h e i r  r e s p e c t i v e  r i g i d  g r o u p s ,  w e r e  f i x e d  
a t  ( 0 , 0 , 0 )  by  v i r t u e  o f  s y m m e t r y .  The  r e s t  o f  t h e  a t o m s  i n  
e a c h  r i g i d  g r o u p  w e r e  f o r c e d  t o  r i d e  on  t h e  p i v o t  a t o m .
A l l  a t o m s  e x c e p t  C a n d  N w e r e  r e f i n e d  w i t h  a n i s o t r o p i c  
t h e r m a l  p a r a m e t e r s .  T h e  f i n a l  c y c l e  o f  w e i g h t e d  l e a s t  
s q u a r e s  y i e l d e d  a n  R - v a l u e  o f  0 . 0 5 9  a n d  R w - v a l u e  o f  0 . 0 9 9 .
MODEL IV
__________  S p a c e  G r o u p  C2
T h i s  m o d e l  a l s o  c o n t a i n s  t wo r i g i d  g r o u p s  r e p r e s e n t i n g  
P t ( C N ) ^ -  a n d  N i ( C N ) ^ - . On l y  t h e  p o s i t i o n s  o f  P t  a n d  Ni  w e r e
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a l l o w e d  t o  r e f i n e  w h i l e  t h e  r e s t  o f  e a c h  g r o u p  w a s  f o r c e d  t o  
r i d e  o n  t h e  p i v o t  a t o m s  ( P t  a n d  N i ) .  Mode l  IV r e f i n e d  t o  a 
f i n a l  R - v a l u e  o f  0 . 0 4 8 3  a n d  R w - v a l u e  o f  0 . 0 8 4 .
H7DR0GEN ATOMS
D u r i n g  t h e  r e f i n e m e n t  o f  e a c h  o f  t h e s e  f o u r  m o d e l s ,  t h e  
f i n a l  d i f f e r e n c e  f o u r i e r  map d i d  n o t  y i e l d  a n y  i n f o r m a t i o n  
a b o u t  t h e  h y d r o g e n  a t o m s .
A s h a r p ,  d e t a i l e d  map w a s  t h e n  c a l c u l a t e d  a r o u n d  e v e r y  
o x y g e n  a t o m  a n d  a g a i n  t h e  h y d r o g e n  a t o m s  c o u l d  n o t  b e  
l o c a t e d .
S i n c e  h y d r o g e n  a t o m s  c o n t r i b u t e  m a i n l y  t o  t h e  l o w  a n g l e  
r e f l e c t i o n s ,  a new w e i g h t i n g  s c h e me  wa s  a p p l i e d  i n  o r d e r  t o  
o p t i m i s e  t h e i r  p o s i t i o n s .  The  new w e i g h t i n g  s c h e m e  p l a c e s  
m o r e  e m p h a s i s  o n  a l l  r e f l e c t i o n s  f o r  w h i c h  a n g l e  6 i s  l e s s  
t h a n  1 2 °  b y  m u l t i p l y i n g  t h e i r  e x i s t i n g  w e i g h t s  b y  a f a c t o r  o f  
t wo  d u r i n g  t h e  d i f f e r e n c e  map c a l c u l a t i o n .  T h e  r e s u l t  w a s  
t h e  d i s a p p e a r a n c e  o f  t h e  n o i s e  p e a k s  n e a r  t h e  P t / N i  a n d  Ba 
a t o m s ,  a n d  t h e  h i g h e s t  p e a k  i n  t h e  d i f f e r e n c e  map w a s  l e s s  
t h a n  O . S e . X  H o w e v e r ,  no  i n f o r m a t i o n  w a s  g a i n e d  a b o u t  t h e
h y d r o g e n  a t o m  p o s i t i o n s .
F a i l u r e  o f  t h e  h y d r o g e n  a t o m s  t o  r e g i s t e r  i n  t h e  
d i f f e r e n c e  f o u r i e r  map  i s  a t t r i b u t e d  t o  t h e i r  w e a k  s c a t t e r i n g  
p o w e r  i n  a c r y s t a l  t h a t  c o n t a i n s  s u c h  h e a v y  e l e m e n t s  a s  Ba ,  
Ni  a n d  P t .  The  h y d r o g e n  a t o m s  c o u l d  a l s o  be  d i s o r d e r e d  a s  a 
r e s u l t  o f  h y d r o g e n  b o n d i n g  w i t h  d i s o r d e r e d  n i t r o g e n  a t o m s .
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DI SCUSSI ON
The  f o u r  m o d e l s  ( I ,  I I ,  I I I  a n d  I V)  p r e s e n t e d  a b o v e  a r e  
c o m p a r e d  f r o m  s t a t i s t i c a l  a n d  c h e m i c a l  a s p e c t s .  T h e  b e s t  
m o d e l  v i l l  f i t  t h e  c r y s t a l  d a t a  a n d  r e f l e c t  t h e  t r u e  m o l e ­
c u l a r  s t r u c t u r e  o f  c o m p o u n d  V I I .
AH a m i l t o n ' s  R - r a t i o  t e s t  i s  a n  a n a l y s i s  o f  v a r i a n c e  
w h i c h  e n a b l e s  one  t o  d e t e r m i n e  w h i c h  o n e  o f  t h e  f o u r  m o d e l s  
a g r e e s  b e s t  w i t h  t h e  c r y s t a l  d a t a .  I t  t a k e s  i n t o  c o n s i d e r a ­
t i o n  t h e  n u m b e r  o f  v a r i a b l e s  u s e d  i n  t h e  l e a s t  s q u a r e s  
p r o c e s s  s t r u c t u r e  r e f i n e m e n t ,  t h e  n u m b e r  o f  t h e  i n t e n s i t y
r e f l e c t i o n s  a n d  t h e  w e i g h t e d  R - v a l u e  ( R w ) .  I n  a d d i t i o n ,
s t r u c t u r a l  p r o p e r t i e s ,  s u c h  a s  b o n d  l e n g t h s ,  m u s t  be  c o n ­
s i d e r e d  i n  e a c h  m o d e l  d u r i n g  t h e  p r o c e s s  o f  c o m p a r i s o n .
T h e  c o n s t r a i n e d  a n d  u n c o n s t r a i n e d  m o d e l s  i n  e a c h  s p a c e  
g r o u p  w e r e  f i r s t  t e s t e d  a g a i n s t  e a c h  o t h e r .  The  R - r a t i o  t e s t  
e n a b l e d  t h e  r e j e c t i o n  o f  t h e  c o n s t r a i n e d  m o d e l s  ( I I I  a n d  IV)  
a t  t h e  0 . 0 0 5  c o n f i d e n c e  l e v e l .
Up o n  t e s t i n g  m o d e l s  I  a n d  I I ,  t h e  f o l l o w i n g  h y p o t h e s i s  
wa s  f o r m u l a t e d :
HQ ( t h e  n u l l  h y p o t h e s i s ) :  M o d e l  I
c o r r e c t l y  d e s c r i b e s  t h e  s t r u c t u r e
( a l t e r n a t e  h y p o t h e s i s ) :  M o d e l  I I
c o r r e c t l y  d e s c r i b e s  t h e  s t r u c t u r e .
R i t  0 . 0 6 9 9
R = -------= ----------------= 1 . 0 1
R j  0 . 0 6 9 2
T h i s  v a l u e  i s  c o m p a r e d  t o  R_*. , „ „ „ -  1 . 0 3  w h i c h5 6 , s  14 0 0 , 0 . 0 0 5
i s  g r e a t e r  t h a n  t h e  r a t i o  o f  m o d e l s  I  a n d  I I .  A c c o r d i n g  t o  
H a m i l t o n ' s  t e s t ,  we c a n n o t  r e j e c t  HQ. T h u s  m o d e l  I I  i s  s t i l l
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a v a l i d  p o s s i b i l i t y .  M o d e l  I  w o u l d  h a v e  b e e n  r e j e c t e d
o n l y i f  * 5 6 * 1 4 0 0 , 0 . 0 0 5  Wer e  l e S S  t h a n  1 ‘ 0 1 *
I t  s h o u l d  b e  n o t e d  t h a t  1 2 5  v a r i a b l e s  w e r e  u s e d  i n
r e f i n i n g  m o d e l  I I  w h i l e  t h e  r e f i n e m e n t  o f  mo d e l  I  u s e d  o n l y  
69 v a r i a b l e s .  When t wo m o d e l s  y i e l d  s i m i l a r  r e s u l t s  b u t  on e  
u s e s  mo r e  v a r i a b l e s  t o  d e s c r i b e  t h e  s t r u c t u r e ,  i t  i s  o b v i o u s  
t h a t  t h e  on e  w i t h  t h e  s m a l l e r  n u m b e r  o f  v a r i a b l e s  i s  p r e f e r ­
r e d .
I n v e s t i g a t i o n  o f  b o n d  l e n g t h s  s h o ws  t h a t  b o t h  i n d e p e n ­
d e n t  M-C b o n d s  i n  Mode l  I  a r e  e q u a l  w i t h i n  e x p e r i m e n t a l  e r r o r  
( 1 . 9 6 3 ( 5 ) 1  a n d  1 . 9 5 7 ( 4 ) 1 ) .  T h e  b o n d s  i n  m o d e l  I I  a r e  
s i g n i f i c a n t l y  d i f f e r e n t :  t h e  M-C b o n d s  r a n g e  f r o m  1 . 8 8 ( 1 ) 1  t o  
1 . 9 9 ( 1 ) 1 ,  and  t h e  C=N b o n d s  r a n g e  f o r m  1 . 0 7 ( 2 ) 1  t o  1 . 2 3 ( 2 ) 1 .
I t  i s  a l s o  i m p o r t a n t  t o  m e n t i o n  t h a t  t h e  e . s . d .  o f  e v e r y  
v a r i a b l e  b o n d  l e n g t h  i n  m o d e l  I I  ( a v e r a g e  O . O l l )  wa s  d o u b l e  
i t s  c o u n t e r p a r t  i n  mo d e l  I .  The  a v e r a g e  e . s . d .  o f  b o n d  a g l e s  
i n  mo d e l  I I  was  t h r e e  t i m e s  l a r g e r  t h a n  t h a t  o f  m o d e l  I .
The  e v i d e n c e  m e n t i o n e d  a b o v e ,  i n  a d d i t i o n  t o  t h e  f a c t  
t h a t  t h e  h o i  r e f l e c t i o n s  w i t h  1 o d d  a r e  w e a k  ( t h o u g h  n o t  
e n t i r e l y  a b s e n t ) ,  i n d i c a t e s  t h a t  m o d e l  I  b e s t  d e s c r i b e s  t h e
s t r u c t u r e  o f  c o mp o u n d  V I I :  t h u s  t h e  s p a c e  g r o u p  i s  c h o s e n  t o  
*
b e  C / c .  A l l  f u r t h e r  d i s c u s s i o n  o f  c o m p o u n d  V I I  w i l l  
d e s c r i b e  o n l y  r e f i n e m e n t  m o d e l  I .  T a b l e s  4 . 5  a n d  4 . 6  c o n t a i n  
t h e  a t o m i c  p o s i t i o n a l  p a r a m e t e r s  a n d  a n i s o t r o p i c  t h e r m a l  
p a r a m e t e r s .  O b s e r v e d  a n d  c a l c u l a t e d  s t r u c t u r e  f a c t o r s  a r e  
l i s t e d  i n  T a b l e  4 . 7 .
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T h e  a s y m m e t r i c  u n i t  o f  c o m p o u n d  V I I  c o n t a i n s  t v o  CN~ 
l i g a n d s  i n  g e n e r a l  p o s i t i o n s  a n d  a c o m b i n e d  P t / N i  o n  a c e n t e r  
o f  i n v e r s i o n .  I t  a l s o  c o n t a i n s  t v o  w a t e r  m o l e c u l e s  i n
*y j .
g e n e r a l  p o s i t i o n s  a n d  a Ba i o n  l o c a t e d  o n  a t w o —f o l d  a x i s  
o f  r o t a t i o n .
The  M(CN>4 g r o u p s  a r e  p l a n a r  by v i r t u e  o f  s y m m e t r y  a n d  
s t a c k  i n  a h e x a g o n a l  f a s h i o n  i n  t h e  ( 1 1 0 )  p l a n e s  ( f i g .  4 . 2 ) .
t y __
T h i s  g i v e s  r i s e  t o  c o l u m n s  o f  M( CN) ^  g r o u p s  a l o n g  t h e  c_ a x i s  
o f  t h e  c r y s t a l  ( f i g .  4 . 3 ) .  T h e  a n g l e s  b e t w e e n  t h e  [ 0 0 1 ]  
d i r e c t i o n  a n d  M - C ( l )  a n d  M - C ( 2 )  b o n d s  a r e  9 0 . 9 ( 2 ) °  a n d
9 4 . 0 ( 2 ) ° ,  r e s p e c t i v e l y ;  w h i c h  m e a n s  t h a t  t h e  a n i o n  p l a n e s  a r e  
t i l t e d  b y  a n  a n g l e  o f  4 . 1 ( 2 ) °  w i t h  r e s p e c t  t o  t h e  c_ a x i s .  A 
t i l t  o f  ~ 3 °  w a s  r e p o r t e d  i n  B a [ P t ( CN) ^ ] . 4 H j 0 .  A d j a c e n t
ty  _
M f C N ) ^  g r o u p s  a r e  s t a g g e r e d  w i t h  t o r s i o n  a n g l e s  o f  n e a r l y
4 5 °  i n  a l l  c a s e s .  T a b l e  4 . 2  s h o ws  t h a t  t h e s e  t o r s i o n  a n g l e s
r a n g e  f r o m  ~ 4 2 °  t o  s  4 8 ° .
I n v e s t i g a t i o n  o f  T a b l e  4 . 4  s h o ws  t h a t  t h e  M-C b o n d s  a r e
c l o s e  t o  t h e  P t - C  b o n d  b u t  d i f f e r  b y  m o r e  t h a n  a t e n t h  o f  a n
a n g s t r o m  f r o m  a n  N i - C  b o n d f ®
T h e  m o s t  i n t e r e s t i n g  s t r u c t u r a l  f e a t u r e  i n  c y a n o r a e t a l -
l a t e  c o m p o u n d s  i s  t h e  m e t a l —m e t a l  d i s t a n c e  i n  a d j a c e n t
2 “M{ CN) ^ g r o u p s .  E l e c t r o n  d e l o c a l i z a t i o n  a l o n g  t h e  a n i o n
c o l u m n s  i s  u s u a l l y  a c h i e v e d  a s  t h e  m e t a 1 - m e t a  1 s e p a r a t i o n
d i s t a n c e  d e c r e a s e s  t o  a l l o w  f o r  o r b i t a l  i n t e r a c t i o n  o f  d 2z
o r b i t a l s  w h i c h  a r e  n o t  h e a v i l y  i n v o l v e d  i n  s i g m a  b o n d i n g  w i t h  
t h e  CN l i g a n d s .  On t h e  o t h e r  h a n d ,  t h e  a n i o n  c o l u m n s  a r e
q 9 9
m g





2 —Pig. *f.2 : Hexagonal packing of M(CN)^~ anions-
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Fig. ^.3 : Stereo view of the stacking of
2 —M (CN) in columns.
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insulated from each other by the intervening water molecules 
9 +and B a ions.
The metal-metal distance in compound VII is 3.319(1)1 
which compares with 3.321(3)1 the Pt-Pt distance in
Ba(Pt(CN)4 ].4 H2 O. However, it differs significantly from 
Ni-Ni distances in many tetracyanonieke 1 atesf®
In tetracyanoneta11 ates, the CN ligands in adjacent 
2. —M (C N )  ̂ groups are eclipsed when the M-M separation is 
relatively longj and staggered when the separation is short. 
In the case of short metal-metal separation, the lignds adopt 
the staggered conformation in order to minimize repulsion. 
Fully staggered ligands are observed in partially oxidized 
compounds (K^ ^^[P t (CN)  ̂] .1.5Hj0) due to the short Pt-Pt 
separation distance (2.96(2)1). On the other hand, more 
eclipsed ligands are found in compounds with large Pt - Pt 
distance (3.48(2)1) as in KjtPt (CN) .3^70) . In compound 
VII with M-M distance of 3.319(1)1, it is surprising that the 
ligands are nearly fully staggered.
As previously mentioned, the diffraction data did not 
contain sufficient information about the hydrogen atoms. 
Consequently, it is not possible to discuss hydrogen bonding 
in detail. However, the role of the water molecules has been 
established in many compounds like VII. Water molecules hold 
together the anion columns through hydrogen bonding with 
nitrogen atoms of the cyanide ligands.
Water molecules also coordinate to the Ba ion, which 
has an uncommon coordination number in compound VII. Table
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4 . 4  s hows  t h a t  t h e r e  a r e  t e n  a t o m s  w i t h i n  t h e  c o o r d i n a t i o n
s p h e r e ,  i n c l u d i n g  s i x  o x y g e n  a n d  f o n r  n i t r o g e n  a t o m s .  The  
2 +Ba i o n  i s  i n  t h e  m i d d l e  o f  a n  i r r e g u l a r  s q u a r e  a n t i p r i s m  
w i t h  t w o  n i t r o g e n  a t o m s  a t  l o n g e r  d i s t a n c e s ,  3 . 0 6 8 ( S ) X  
l o c a t e d  j u s t  a b o v e  a n d  b e l o w  t h e  t wo o p p o s i t e  s q u a r e  f a c e s  
o f  t h e  s q u a r e  a n t i p r i s m .  T h u s  t h e  c o o r d i n a t i o n  g e o m e t r y
•y 4*
a r o u n d  Ba  i o n  i s  t h a t  o f  a b i c a p p e d  s q u a r e  a n t i p r i s m  
( f i g .  4 . 4 } .  The  h i g h  c o o r d i n a t i o n  n u m b e r  o f  b a r i u m  r e s u l t s  
f r o m i t s  d i p o s i t i v e  c h a r g e  a n d  i t s  l a r g e  i o n i c  r a d i u s .
I n  c o n c l u s i o n ,  t h e  m o s t  i m p o r t a n t  f e a t u r e s  o f  t h i s  
c o m p o u n d  a r e  t h e  m e t a l - m e t a l  s e p a r a t i o n  ( 3 . 3 1 9 ( 1 ) X )  a n d  t h e  
P t / N i  r a t i o  ( 0 . 5 9 / 0 . 4 1 ) .  The  i m p o r t a n c e  o f  t h e  m e t a l - m e t a l  
d i s t a n c e  i s  t h a t  i t  g o v e r n s  t h e  o n e  d i m e n s i o n a l  p h y s i c a l  
p r o p e r t i e s  t h r o u g h  m e t a l  o r b i t a l  i n t e r a c t i o n .  S u c h  p r o p e r ­
t i e s  i n c l u d e  t h e  h i g h l y  a n i s o t r o p i c  r e f l e c t a n c e  s p e c t r u m  
w h i c h  p r o d u c e s  d i c h r o i c  c r y s t a l s .  The  P t / N i  r a t i o  i n  t h i s  
c o mp o u n d  i s  a l s o  a s s o c i a t e d  w i t h  i t s  s p e c t r a l  p r o p e r t i e s  i n  
t h a t  t h e  r e f l e c t a n c e  s p e c t r u m  c h a n g e s  a s  a f u n c t i o n  o f  m e t a l  
c o m p o s i t i o n .  H o w e v e r ,  mo r e  s t r u c t u r a l  w o r k  o n  m i x e d  m e t a l  
c y a n i d e  c r y s t a l s  i s  r e q u i r e d  i n  o r d e r  t o  b e  a b l e  t o  c o r r e l a t e  
t h e  e f f e c t  o f  m e t a l  c o m p o s i t i o n  o n  t h e i r  o n e  d i m e n s i o n a l  
e l e c t r i c a l ,  o p t i c a l ,  a n d  m a g n e t i c  p r o p e r t i e s .
I________ o
o .Fig. k . k : Coordination sphere of Ba ion in compound VIJ"
O
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A B c 0 PHI
C ( I » P t / N i P t / N i * C ( l * ) - 9 5 . 7 (  2)
C ( l > P t / N i P t / N i * C ( 2 * ) 9 2 . 9 ( 2 )
C ( 2 ) P t / N i P t / N i • c a n 9 2 . 9(  2 )
CC2) P t / N i P t / N i * C { 2* ) 1 3 3 . 5 ( 2 )
PT* P t / N i C C 1 > 9 2 . 9 ( 2 )
PT* P t / N i  C ( 2 )  9-*. 0 ( 2 )
T a b l e  9 . 3  : T o r s i o n  and  t i l t  a n g l e s  o f  VI I  -
Bond Bond length (£)
P t / N i  C ( l )  l - 9 £ , 3 { 6 )
P t / N i  C ( 2 )  1 . 9 5 7 ( 3 )
 0 ( l ) ( t ) v  2 . 3 5 9 ( 5 )
S d  0 { 2 ) ( I ) 2 . 3 9 7 ( 5 )
—  D { i ) ( i m  2 . 9 1 1 ( 9 )
l . a  Q ( l X l V )  2 . 9 1 1 ( 9 )
3 a  D { 1 )  ( V ) 2 . 5 5 9 ( 3 )
h a  0 C 2 ) { V ) 2 . 3 9 7 ( 5 )
J 3  -----  N ( 2 ) ( I I ) 2 . 9 2 9 ( 7 )
Ha -----  N ( 2 ) ( V I ) 2 . 9 2 9 ( 7 )
ha  -----  N ( 1 ) ( V I I ) 3 . 0 6 3 ( 3 )
3 a  ------ N ( 1 ) ( V I I I >  3 . 0 6 3 ( 5 )
C C I )  -  P t / N i  -  C ( 2 )  9 1 . 0 ( 2 ) “
s  Sym.  o p e r a t i o n  : ( I ) * » Y, 2 ; ( 1 1 ) l / 2 - x f Y - l / 2 , Z  
( i l l ) - x  f i - Y  *—2 » ( x v ) x « i - V f i / 2 + z ; ( v > - x , y t i / 2  
( V I ) 1 / 2 - X , Y - l / 2 * 1 / 2 - Z ; ( V I I ) X - l / 2 * r - l / 2 f 7 5 
( V I I I ) 1 / 2 - X  » Y - l / 2  » 1 / 2 - Z .
T a b l e  9 * 9  S 3ort.J l e n g t h s  a n d  a n g l e s  o f  V I I
A t o r . i c  p o s i t i o n a l  p a r a m e t e r s  X 1 0 * * 4
i s o t r o p i c  t e m p e r a t u r e  f a c t o r  X 1 0 * 5 3
Atom X Y Z U
P t 0 0 0 1 9 ( 2 )
Ni 0 0 0 1 9 ( 2 )
Ba 0 3 6 9 3 ( 3 ) 2 5 0 0 2 7 ( 2 )
0 ( 1 ) 9 6 9 ( 3) 4 9 6 5 ( 3 ) - 5 7 0 ( 7 ) 3 7 ( 1 )
0 ( 2 ) 1 3 9 9 ( 4 ) 3 1 0 0 ( 4 ) 6 5 8 0 ( 7 ) 43  ( 1)
C ( l > 1 5 3 7 ( 5) 5 3 9 ( 4 ) 9 1 1 ( 9 ) 3 1 ( 1 )
M( l > 2 4 0 2 ( 4  ) 9 4 3 ( 4 ) 1 3 7 6 ( 9 ) 4 2 ( 2 )
C ( 2 ) 6 6 3 ( 4 ) 1 3 0 5 ( 4 ) 5 7 7 ( 8 ) 2 9 ( 1 )
W( 2) 1 0 1 7 ( 5 ) 2 0 5 4 ( 4 ) 9 0 5 ( 1 0 ) 4 5 ( 2 )
*  E q u i v a l e n t  i s o t r o p i c  t e m p e r a t u r e  f a c t o r
T a b l e  4 - 5  : A t o m i c  p o s i t i o n a l  p a r a m e t e r s  o f  V I I  •
Ani  s o t r o p i c t h e r a  a l p a r a m e t e r s  X 1 3 S S 3
At om U l l 1122 U 33 U23 U13 U12
P t 1 4 ( 3 ) 1 7 ( 3 ) 2 2 ( 3 ) 0 3 0
Ni 1 4 ( 3 ) 1 7 ( 3 ) 2 2 ( 3 ) 0 3 0
iia 3 4 ( 3 ) 2 3 ( 3 ) 2 3 (  3) 6 ( 1 ) 1 1 ( 1 ) 1 1 ( 1 )
u ( l ) 2 1 ( 2 ) 3 9 ( 2 ) 4 7 ( 2 ) 1 ( 2 ) 6 ( 2 ) 3 ( 2 )
□ 1 2 ) 2 9 (  2 ) 4 3 ( 2 ) S Q ( 3 ) 5 ( 2 ) 6 ( 2 ) 1 ( 1 )
C { 1 ) 2 7 ( 2 ) 2 9 ( 2 ) 3 2 ( 2 ) 2 ( 2 ) 6 ( 2 ) 1 ( 1 )
N ( l > 2 K 2 ) 4 3 ( 3 ) 4 3 ( 3 ) - 4 ( 2 ) 2 ( 2 ) 3 ( 2 )
C( 2 ) 2 4 ( 2 ) 2 7 ( 2 ) 3 2 ( 2 ) 0< 2) 6 ( 2 ) 5 ( 2 )
N ( 2 ) 3 ?. ( 3 ) 3 3 ( 3 ) 5 3 ( 3 ) 1 0 ( 2 ) 1 6 ( 2 ) 1 ( 2 )
T a b l e  4 ^ 6  :  A n i s o t r o p i c  t h e r m a l  p a r a m e t e r s  o f  VI
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Tatjle ^.7 : OlDserved and calculated structure factors 
of compound VII.
M L If t Fo M F C
l b 1 P' ld P h ?
1 b 1 15 9 1 f  P
1b 1 ? W P«P
l b | ? h ? PH7
1 h 1 2 t 4 ?f th
— 7 1 7 1 1 1 b - I h S
— 5 17 1 4?1 - f t  Oft•  J 17 1 5 87 -5*ifa
•  1 17 1 5 5 0 - h o |
1 7 1 *5117 - S t r t
17 Sort - 5  t o
17 1 ft-lrt •5*1*1
1 7 Of t -  ihf t
•  t. I * 170 10ft
1 m 1 1ST 3 * 5
— ? i n ♦110 «?«!
I rt 1 4?H 107
1* « i l ft 2-1
10 1 2*iu V P
■ S 1*» 111 -OS
- I f . tl P pnn PriP
•  4 0 ? tftS ? 4 S
- 1 ? 0 2 14H I 10
- i n 0 S I S S 1 1
— h 0 ? 24fa 2 7 4
• h 0 a O i l - 1 T P
— 4 n ? h i  'i •U1<l
•  ̂ 0 ? 1 0 7 0 I aPft
n ? f lnp 7 VI
(1 I o n • 2 7 h
ft ? a a i t h l
0 a P M l b ?
i> ? 1h7 Oft
10 ft ? 1'ift 5 7 1
Q I P P h t i o l
4 a I H d l»Wh
I *1 ? OHO op o
- t o 10 ? ft 7ft ftsl ft
- I P 1« ? t n o f t l ' i
- J o l u ? I'IMO 10 7 1
• n | ft p 4 5 8 o Dft
*| i i n p 1 1 4 h 1 P I 0
—4 11] ? 154 7 15* 7
•  ? 10 p 1 7 ? 1 I h r t l
»o ? 1 ? 5 5 I ? 1*!
i n p 1 3 h l 1 PPP
1 0 ? 1 \ \ 7 I H O
10 ? IPftO 1 POn
1 o ? 1 l o o 11 oP
It ' 10 a ( m i F r>l
I P r * p fcP7 ft.lO
- 1  t 11 ? P / ii P H
-1  1 11 ? PftH P77• N \ i ? 3 1** H o
•  f 11 ? Pi f t ? ? t
—s 11 p t r # Pn  7
— 4 1 1 a 1*14 - 1  1 1
— 1 11 ? I Oft 107
11 3 / 8 P ’lft
11 a ftt.S ft I 0
11 ? I PS 71
11 p Ihf) 1 1 S
11 p H  1 p o o
l’ 11 p t ? l POO
- I P i p ? 0 7 1 Oho
- I n i p p I ! On I »*•:!
i ? p 1 Ji .8 1 i.i 1
• h i p a I b o l 1 ftO i
11 K L inFf i l n F c
ft 2 5 9 b h i s
14 ft 2 M S 2 0 7
— 17 ?. 7 0 5 hftft
- I S 1 2 1 ftbP 1 0 35
? 1341 13 72
*11 2 1 ?92 1 MO
? 1043 1077
- 7 2 210f t P I  10
• 5 2 P f t i t l i l r t?
* 1 2 PftSfl 1 1 2 4
- t ? t l ' f f t 3 a V}
I 2 l f t 4h P l h o
1 ? 2 2 7 2 25i*2
s 2 a n / f t P P i O
T ? 2 n i 2 Pl Pf t
9 P n s s I 143
11 2 11 7 3 121ft
11 2 R7fe OOP
- l b P P hOS 5 0 7
- i f t P 2 ftfft 7ftp
- 1 2 ? 2 Hbft HOft
•  t n ? I M b 112 3
-f t 2 IbOft 1t>1?
- b 2 2 1031 Ifth-J
-f t ? 2 1P10 iPSr t
- 2 2 1244 1 loftft ? P ? 1 7h PPSft
2 2 2 2 o h 7 P 1 P I
a ? ? 15 22 1 h 5 2
h 2 1 1 rt I l i o nrt ? 2 If tbP 1077
1ft ? 2 1 o 1 o ftfth
12 ? ? OPl Mft7
14 2 69 1 b 3 5
• a 2 P loPfa 170b
- P P 2 l o  3ft l b  10
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2 P ? IH79 1 7ft 0
4 P P 1715 lbr>7
b P 2 1 dftl 14 15ft ? ? l ? f i ? I P 1 II
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■ 3 P ftftl ftOh
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- 1 1 ? ijtiH h l S
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5 5 2 b ? l bPft
S 5 ? 5*3 h*lo
7 4 2 ft 7b 4 7*1
q 1 2 APS 4 1 1
•  | l l •I 2 35ft M «
- f t 4 2 347 147
—fa 4 P 4 1 7 ft 10
- T a P 4 7 2 4 7 h
- 2 4 ? SS3 54H
LI 4 2 57 A 5 M
P ft P 50 5 fthbft 4 P ftlft 1HH
t» 4 2 4 5 5 4 2 4
h ft P 4 4 9 01 ft
- q S 2 Hftl 1 1 1
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—11 S 2 I W 1 1PP7
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• I 5 2 1426 1 MS t
II 4 I i hf n 1 OFC
- I S 3 2 4 l ft 421
• 1 3 3 2 35? 141
• I I i P 4 1 0 3«7
-f t t 2 hOl hf t l
*7 1 ? bPA 621
* 5 1 2 377 If th
- 3 1 ? hftft h t f t
- I 3 2 3rm 24H
I 3 ? PPh • f tb
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S 3 2 *#7 3 1« 71
7 3 ? S I P SPrt
ft t 2 tftft 3 3 ?
I t 3 ? ftPt ft 30
13 3 2 ft3h ft?4
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- 1 f t 4 ? I0f t7 1 ‘lBt
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- 1 0 ft 2 1 ft 7 J Ifthft
- f t 4 2 PP07 PftSH
- h 4 ? P 4 4 b ? s s a
- b 4 ? ?/>l3 Pf t?7
- 2 4 2 30PP 3134
0 4 P Pftftf, 3?hf t
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4 *1 2 ? 5 0 P Pbftft
h ft P Plf t fi ?37f l
A 4 2 I h f t t Iflft?
1o 4 ? 1 1b 1 I 047
I P 4 ? 1 0 ‘ip 1 Oft 1
14 ft ? M 1ft H ft I
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1 15 ? 1 fttlH 1 3 7 5
3 1 S 2 1 I4'L 1 1 1b
h I S ? |  uT 7 1 1 3b
7 15 ?. ftbh ftft?
-f t l b ? ?3ft 2 1 3
- b l b 2 IPO 1 01
•  *l l b 2 l h ? 1 17
* 2 1b 2 PS? PSb
<i 1 b P d  1b P t  ft
2 l b 2 thf t 1 15
u 16 P P ? 4 140
b l h ? t rt 7 1 73
- 7 17 2 h « ? M 2
* S 17 2 hftb hf t l
• 3 1 7 ? 7 ? t 73 4
•  1 17 2 7no 721
1 IT P 7*i7 7*13
I IT 2 b h / hhft
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* ? 1 H P bftft 7 5 ?
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*h 1 3 I'Jftft 1107
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The  s t r u c t u r e  o f  2 , 5 - a n h y d r o - D - M a n n i t o l  ( Compound  I I )  i n
1 13 5 3 —55s o l u t i o n  h a s  b e e n  s t u d i e d  b y  H-  a n d  C-NMR . T h e s e
t e c h n i q u e s  i m p l y  t h e  a v e r a g e  c o n f o r m a t i o n  o f  t h e  m o l e c u l e  t o
c o n t a i n  a t w o - f o l d  a x i s  o f  r o t a t i o n  a n d  a ^Tg c o n f o r m a t i o n .
I n  c o n t r a s t ,  t h e  s t r u c t u r e  o f  t h e  m o l e c u l e  i n  t h e
A Q
c r y s t a l  w a s  s h o w n  t o  d e v i a t e  f r o m  e x a c t  Cg s y m m e t r y  a n d  
i d e a l  ^ T g  c o n f o r m a t i o n j  i t  w a s  p r o p o s e d  t h a t  e x t e n s i v e  
i n t e r m o l e c u l a r  h y d r o g e n  b o n d i n g  i n v o l v i n g  t h e  h y d r o x y l  g r o u p s  
a s  w e l l  a s  t h e  r i n g  o x y g e n  wa s  r e s p o n s i b l e  f o r  t h e  d i s t o r ­
t i o n s .  H y d r o g e n  b o n d i n g  a l s o  a c c o u n t e d  f o r  t h e  d i f f e r e n c e  i n  
C - 0  d i s t a n c e s  o f  t h e  r i n g  o x y g e n .  An a d d i t i o n a l  d e v i a t i o n  
f r o m Cg s y m m e t r y  was  r e v e a l e d  by t h e  c o n f o r m a t i o n  a d o p t e d  by  
t h e  h y d r o x y m e t h y l  g r o u p s  a t t a c h e d  t o  C( 2 )  a n d  C ( 5 ) ,  + g a u c h e  
a n d  - g a u c h e  r e s p e c t i v e l y .  T w o - f o l d  s y m m e t r y  r e q u i r e s  t h a t  
t h e  same c o n f o r m a t i o n  b e  a d o p t e d  b y  t h e s e  g r o u p s ,  e i t h e r  
+ g a u c h e  o r  - g a u c h e .
I f  h y d r o g e n  b o n d i n g  i s  r e s p o n s i b l e  f o r  t h e s e  d e v i a t i o n s ,  
i t  wa s  h o p e d  t h a t  t h e  d e u t e r a t e d  d e r i v a t i v e  ( c o m p o u n d  V I I I )  
w o u l d  c o n f i r m  t h i s .  The  d e r i v a t i v e  w a s  p r e p a r e d  i n  w h i c h  a l l  
h y d r o x y l  h y d r o g e n  a t o m s  o f  IX w e r e  r e p l a c e d  by  d e u t e r i u m ,  a n d  
i t s  s t r u c t u r e  w a s  d e t e r m i n e d  by X - r a y  d i f f r a c t i o n  m e t h o d s .  
I t  wa s  h o p e d  t h a t  a d e c r e a s e  i n  h y d r o g e n  b o n d i n g ,  a s  a r e s u l t  
o f  t h i s  r e p l a c e m e n t ,  w o u l d  r e f l e c t  on  t h e  r i n g  c o n f o r m a t i o n  
a n d  t h e  t wo  C - 0  b o n d  d i s t a n c e s  o f  t h e  r i n g  o x y g e n .
CRYSTAL STRUCTURE OF V I I I
The  c r y s t a l  d a t a  y i e l d e d  t h e  l a t t i c e  c o n s t a n t s  i n  T a b l e
A . I .
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T a b l e  A . l  
C r y s t a l  D a t a
F o r m u l a
F o r m u l a  W e i g h t  






D e n s i t y  ( c a l c . )
S p a c e  g r o u p  
C r y s t a l  s i z e  (mm)
X(Cu -  KQ)
Mi ni mum r e l .  t r a n s m i s s i o n  
R e f l e c t i o n s  m e a s u r e d  ( w / 2 6  S c a n )  
w i t h  I  > 3 a ( I )
W e i g h t s  (W "1 )
F i n a l  r e s i d u a l  f a c t o r s  
R -  J l  I Fo I  -  | F c l  I /  ^  | F o l
Rw = < J w ( l F o I  -  l F c l ) 2 / J w | F o | 2 ) 1 / 2
T a b l e  A . l  C r y s t a l  d a t a  o f  2 , 5  -
-  2 H4 ) -  D -  M a n n i t o l
1 6 8 . 2 6
7 . 8 7 6 ( 1 ) X  
8 . 5 6 1 ( 1 ) X
1 1 . 4 4 3 ( 1 ) 1  
7 7 1 . 1 ( 4 > X 3 
4
1 . 4 4 9  ( g / c m 3 )
P 21 2 1 2 1
0 . 3 0  i  0 . 3 0  z  0 . 2 0
1 .  5 4183  X 
9 2 . 9 %
1043
9 09
<r2 ( i F o l )  + 0 . 0 2 | F o l 2
0 . 0 2 8 7
0 . 0 4 3 1
A n h y d r o  — ( 1 , 3 , 4 , 6  -  0
10S
Bond lengths and angles are shown in fig. A.l, and selected 
torsion angles in fig. A.2. The atomic coordinates and their 
anisotropic thermal parameters are listed in tables A.2 and 
A.3. Observed and calculated structure factors are listed in 
table A.4,
No significant differences were observed in the gross 
features of compounds IX and VIII. In VIII, the two C-0 
bonds of the ring are still significantly different, 
1.447(1)1 and 1.434(1)1, compared to, 1.450(4)1 and 1.435(3)1 
in IX. The conformation of the ring as shown in fig. A.3 is 
nearly ^Tg and the hydroxymethy 1 groups attached to C(2) and 
C(5) adopt +gauche and -gauche, respectively.
Significant changes were observed in the bonds involving 
D(l) and D(4), as shown in table A.5. But the hydrogen bond 
involving the ring oxygen, as well as the whole pattern of 
hydrogen bonding in this molecule, remained unchanged.
In conclusion, it is believed that hydrogen bonding is 
strong in these compounds and any change introduced by the 















Fig. A.l : Bond lengths and angles of compound VIII
1 1 0
Fig. A.2 : Selected torsion angles of compound VIII
06
C6
Fig. A.3 : Stereo view of compound VIII.
Ill
A t o m i c  p o s i t i o n a l  p a r a m e t e r s  X 1 0 * * 9  (H K 1 0 * * 3 )
I s o t r o p i c  t e m p e r a t u r e  f a c t o r  X 1 0 * * 3  (H X 1 0 * * 2 )
A tom X V 2 U
C(I) -9 903(5) -3932(6 ) -3339(5) 3b( 1 ) vw
C(2) -6995(5) —9169(9) -6926(9) 23(1) JL.
C( 3) -6111(5) -3663(5) — 33^1(9) 27(1) aw
C(9) -9293(5) -5016{5 ) -8669(9) 23(1) aw
C(5) -5350(6) -6921(3) -6559(9) 29(1) A.V
C(fa) —8 957(7) -7773(6) -9365(9) 3b( 1) aw
0(5) -6377(9) — 5527(3) -3779(3) 37(1) awmr*
0 (1 ) -3369(9) — 38S6(>) -3966(9) 90(1) aw
D( 3> —6c»72( 5) -2206(9) —8301(3) 36(1) A.
0 (9) -10679(9) -5191(9) -7929(3) 37(1) awV
0 (c) - 6  369(b) — T259(5) -10^36(3) 99(1) A.***
H ( 11 ) -937(9) -363( 3 ) -756(6) 9(2)
H{ 12) -993(9) —229(9) — S3t» ( 6 ) 6 (2 )
H<2> -596(9) -903(7) -972(6) 9(2)
H( 3 ) -797(7) -361(7) -759(5) 9(1)
H{9) -959(6) -951(7) -991(5) 3(1)
H ( 5 ) -305(7) -676(7) -763(5) 3(1)
H{ 61) -172(9) —S30(9) — 909{6) 7(2)
H(52) -767(9) -396(9) -925(6) 9(2)
00(1) -339(9) — 357(9 ) — 959(3) 5(2)
D0( 3) — 901(9 ) -159(9) -616(7) 7(2)
D0(9> -1155(9 ) -973(9) -821(6) 5(2)
DO ( 6 ) -936(9) -796(9) -1093(7) 5(2)
* equivalent isotropic temperature factors
Table A»2 ! Atomic positional parameters of VIII
113
A torn Ull U2 2 U 33 U23 111 3 Ul 2
c m 2 b ( 2 ) 39(2) 42(2) -3(2) 0 (2 ) 2 (2 )
C ( 2 ) 25(2 ) 29(2) 30(2) -2 (2 ) 1 (2 ) 1 (2 )
CC 31 27(2) 27(2) 27(2) 0 (2 ) 1 (1 ) -4(1)
C(4) 23(2) 34(2) 27(2) 1 (2 ) 0 (2 ) -2 ( 2 )
C ( 5 ) 23(2) 23(2) 32(2) -1 (2 ) -3(2) -2 (2 )
C(b) 41(2) 29(2) 39(2) -2 (2 ) - 1(2 ) 3(2)
a(5> 25(2) 26(1) 60(2) -7(1) -1 (2 ) -4(2)
Q( 1 ) 2 3(2) 54(2) 44(2) 3(2) 2 (2 ) -4(2)
□ ( 3) 43(2) 27(1) 36(2) 2 (1 ) 4(2) -13(2)
0(4) 24(2) 44( 2) 42(2) 1 0 (2 ) 4(1) -4(2)
□ ( b) 56(2) 42(2) 35(2) — 5(1) 2 (2 ) 15(2)
Anisotropic thermal parameters X 10**3
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Table A,U- t Observed and calculated structure factors 
of compound VIII.
K 1. 10FI1 | « ' C H K L tflFQ 1 Oh C H K L I OF 11 10FC
M 3 1 3 1 3 2 1 4 1<J? I ' M f 7 4 87 too
1 n 3 22 2 3 3 3 4 27 S 2 7 4 2 4 67 Hto
i> <1 q n i 4 |  3 4 3 A 63 4b 3 7 a 2ft 27
0 •1 M»l 144 to 1 4 29 ? 9 7 •i 70 69
a q M 2 1 '10 1 to 1 2 a I 2 h S 7 to 4 2 5 0
0 a 1 HI 171 7 1 4 43 4 ? 6 7 4 15 t b
n 4 ?rtf» ?•»!■ 3 4 to fi 0 7 H II mi 37
<r 4 M ? P M 0 3 0 23 #M 1 n a 5ft SH
n 4 Ht o 1 to 7 to 4 0 214 211 H u 76 9 0
n *1 3'» i n 1 4 4 1*1 M 4 1 ft to a s 43
0 4 32 3-i 4 to M l M 2 4 to 16 1 1
i) 4 47 •►2 3 4 4 47 44 4 ft 4 40 5 S
4 ?4to 2 0 1 5 4 4 Ito 15 0 to no 61
(1 ? h b ? M to 0 a 134 M b 1 9 4 toto 51
4 31 r 32 I 7 4 a M bS ? 0 to 30 30
•1 221 2 32 5 4 4 3>l 10 1 4 18 16
to M l 5  to 2 5 4 2 5 0 9 4' l 46
« u 2 * i  a 12ft 12 3 II 1 o to ? « 25
4 i n I t  « to q 65 n ? 1 10 28 ? 4
4 1* 1 7 3 to 4 70 70 10 0 ? « ?ft
•J 43 ito 4 to 4 12 2 1 2 ? 1 l> 4 49 4 /
4 44 tol 5 to to M b 141 ? n S 2ftH 2 7 0
? 4 21 2 'I to to 4 41 IH 3 0 5 2 1 ? ? 9to
2 ft 1 7 n Itoh
toto
7 to 4 <17 44 4 0 4 9(1 toto
? 4 4 | 13 s  4 2? 21 4 0 4 12 M
2 4 I S * |nto
41
II b  4 tol HA 6 0 4 95 45
2 4 44 b to 20 M t n S 1Q0 1(1?
? 4 •M 4  3 h 4 ftft ft? 8 0 S 1ft 1?
2 4 rt'i ft? 3 ft 0 3« 34 0 0 4 14 I ft
2 4 3'i 37 4 b to M 4 152 *.l 1 4 71 r b
2 '1 I to Ito 5 6 to 56 47 1 I 5 s o n ? 9 8
2 4 ? 5 2 to h 4 to? 0 3 2 l 4 111 0 98
3 •1 1 3 3 1 34 7 b to 20 M 1 t 4 ?3H 2 4 4
3 4 M * M 6 0 7 4 4b aq 1 4 1 0 5 f i b
H f, M ? M l 7 3 b 51 So 1 ft ft 5to 40
0 ft I ' M 3*7 1 b 43 to 3 2 H ft to* 44
I) li 4 1 no * to h 113 1 1 1 1 ft ft ?to 22
0 6 3* 4 3<‘h 1 to 6 117 I t ! ft b 2ft 10
n h 1 to to Mi» ? to b 1 on 1 nft 4 ft ft 44 ml
i> b SI S a h 158 Jb ' l 4 ft 25 22
0 h 31 32 4 4 ft nft 92 1 4 ft 37 38
0 b 37 H S to ft 4H 60 9 b 12 1 .3
0 h 4 2 4 2 to to 6 MO 15 3 4 ft to? 40
b 2u*i 7 to b tol to? 1 t] 7 32 32
i> 1 15 1 12 2 to ft 27 28 ? 0 7 to? 39
b 147 l ‘*l 5  ft 154 151 3 n 7 I 7a MO
to 41 to? 1 5  ft 94 97 to ii 7 108 1 1?
h 124 127 2 S b « 7 5 0 4 0 7 17 37
h 7 4 Ml 3 5 ft 61 61 ft 0 7 135 M l
to 4 0 9 4 4 ft ft 01 8ft 7 o 7 24 21
b 44 to-’ 4 5  ft 1 to 1 to H 0 7 64 ft*
n 37 30 5  b 4? 4 a 0 1 7 ?to4 21ft
2 to too ft? 7 to ft 29 ? 9 1 i 7 10 3 M 2
2 to Q Ito ft ft Ibto 1ft? i 1 7 39 32
2 to 3H 17 1 ft ft 40 97 3 1 7 71 68
2 to 2fiS ? l ? 2 ft b 154 t > 7 9 1 f H2 8 ?? to 74 i*n 1 ft ft 4b 47 4 1 7 47 4ft
2 to 117 j .m
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6  ft 17 31 b i 7 f t i b 5
2 to 33 5 b  h 117 l t n 7 l 7 42 4 9
2 to 15 20 6  b 74 79 ft 1 7 to? 4 2
? to 7to ?to 7 ft b 22 2to (i 2 7 o a to4
3 to I h II 143 n 7 ft 24 2 5 i ? 7 18 4 1 6 4
I to 115 1 Ito t 7 ft 7 J 77 ? ? 7 ttoh lu l l
3 6 74 U 1 3 7 b 23 2d 1 ? 7 137 111
3 to 134 * 5 4 7 b 4 ? SO 0 2 7 46 97
3 b ton oo 5 7 ft 21 2 3 4 ? 7 27 30
3 to 77 77 n 7 ft ?b 2 5 ft 2 7 2.9 27
3 to 44 4 to n ft ft to to 94 7 2 7 84 8 2
w to L M FH M F C H 6 L MFI1 M F C
S 1 5 3 ? 9 II 1 5 4 P n It*
ft 1 4 10 4 n o 2 4 4 128 l ? b
7 1 5 61 60 ? 4 4 I ' l h 10ft
9 1 5 3 ? 3? M 4 5 4 ? 4 |
9 I 4 4H h i 4 5 4 ?<i ?o
!• 2 4 I tof ttoto 6  5 5 39 0?
1 2 5 ? ? ? 2 2 0 7 4 4 49 M>
?  2 4 129 1 9? 8 ft 5 14 1 6
3 ? 4 163 1 7« 0 t 4 I n ? M l
4 2 4 2 » ? 2 nn I n 5 20 ?o
5 2 4 fth 97 2 t 5 AT Ml
n  2 4 124 I 3 n 3 6 4 I t s 11 9
7 2 5 47 69 to t* 4 Nft *4
ft 2 4 4ft 43 5 n 5 46 04
ft 2 5 M 16 ft 6 4 toT 53
n J  4 i n 00 7 b 5 ftto S?
1 4 6 1 70 ll 7 4 I ft 17
2 3 4 h ? 64 I / 4 79 81
1 3 5 1 to 7 140 2 f 5 ft? 9 |
a  3 4 M b 167 3 7 5 7? 7 ?
4  3 4 Ov 96 to 7 5 24 ?to
n 3 4 411 UK 5 1 5 37 37
7 3 5 ito H? 6 r 5 M h i
ft 3 4 rift 40 1> 8 4 1 31 M b
ft to 4 6to 7ft 1 6 4 46 4to
1 « 4 I ' M 99 2 4 nil 54
2 * 4 ?■»? ? o n 3 8 4 44 Sb
3 to 4 4*i 95 to 6 4 5ft Ml
to •  4 1 ? 4 l ? f t 5 ft s uto 4 4
4 to 4 107 | i>9 1 9 s Mir 39
h « 4 1? 17 2 *f 4 5 4 5 6
7 to 4 nh n4 3 4 4 to? 04
ft to 4 19 1 ft q S S 11 13
0 4 4 9 4 9 ? U I n 4 04 toH
ft ^ 7 ? 2 ?n ? 7 7 i n 71
n J  7 1 9 to 201 5 7 7 6ft 9 ?
i i  i 11 9 I I ? to 1 7 17 1?
2  1 7 M 7 to b  f ) ? n 2 9
9 3 7 7? 79 (1 6 7 ? 4 3»
a  3 7 I?to I 2 n 1 0 7 19 ? o
4 3 7 6H 6  7 2 4 7 4ft 4ft
h S 7 Hu 7 ft 3 6 7 9 11
7 3 7 5 9 45 to 8 7 4fl 54
8 3 7 tol 91 11 9 7 29 itl
II to 1 147 151 1 4 7 i n 34
1 a  7 l i f t I M 2 4 7 2*1 ?ft
?  to 7 19 19 II u l i f t l o t
3 to 7 ? n u 2 07 1 u I M 1«'5
o <« 7 16  9 164 2 o ft 34 32
4  to f 13 16 to u 6ft 6 4
ft to 7 «7 9 9 5 w ft 07 04
7 to 7 to? 9h 7 U 6 69 71
0 4 7 HI 84 fl u H 2i> 20
1 4 7 4b 4ft 0 1 H <ih 5 0
2  5 7 7 1 7n 1 1 6 I M 1 II to
1 4  7 M 2 ? 2  1 ft ?ilft ?i»5
to 4 7 49 59 3 1 8 lft t l 1 no
4 5 7 41 41 to 1 8 97 1 l>0
6 4 7 M 1? 5 1 0 17 1ft
7 4  7 12 14 b 1 ft | o.3 lof t0 ft 7 7f. 7 9 7 t h 17 M
1 6 1 ftft 6 4 6 1 6 53 45
?. ft 7 137 1 J 9 ii 2 n 110 Into
9 b 7 tol n 1 1 2 8 ft? bl
to b I ftu 60 2 2 n 36 27
6 6 7 16 17 3 2 8 12 il l ? h
o / 7 in ?ft to 2 ft h i t>3
1 7 7 to J ton 5 2 8 68 60 115
L tnru MFC H ii t UiFU
fa i s In A 7 H Art
M 1 VI M b 1 rt rt 7 tH “ 1 «*rt a A rt rt Iri M 2 1 v» s A rt 1 S
A 12S i a ? a n rt IA 3
9 b ‘1 Ml A n rt 72
A I t IS <i A 0 01
n 2S 21 S A rt 2*1+ 47 41 7 n <> as
h i n I M 0 1 rt IASM fa* 1 » rt 49
H O'* »S a 1 rt M l
H AH AS i 1 rt 102
A <14 I'M rt I rt 1 fa 7
H hh nS A i rt A3
H op 4 2 fa \ rt ANM 2n a* 7 I rt 70
rt hh nr^ (1 ? rt HA
h rt'i A? 1 ? 0 UN
rt 12 1<I 2 a rt Til
A Th Ti» 1 ? rt ah
rt Art fafa rt a rt 7-1A -ib ' H S a rt Art
A JO a«* fa a rt 41
rt 7S 72 7 a rt 27
rt 14 n n i rt M 7A MU a2 l i rt 47
rt u' i 4rt 2 3 rt 44
A n dn S 1 rt I t )H s* l a a 3 q l i t
rt n? 41 A 1 rt 1J
rt d? a** rt 1 rt 1 7H h? h<l 7 3 •1 0?
rt S3 s i ii rt «* t A
I t 1 1 I ? 1 4 i a dfa
1 1 Ah Art rt A t a 4 t
11 31 13 A A 1 A
11 a ; art II 1 i a Id
11 i i rt? 2 1 12 14
1 1 VI 71 1 1 12 2h
1 1 VI AH 4 1 i a A2
11 11 M A I i a 21
11 a ? 27 n ?. 12 HA
12 4* 4*1 1 a 12
I t ? 111 17 2 a 12 S t
i a a a a s S a 12 fal
1 AFC H H L 1 Up II I0FC
AS 1 4 4 27 a s
73 3 rt 4 Sil 4 9
J'* 4 4 4 1 5 I S
I t A a *1 Afa Art
I A 1 h 4 9 17 19
72 ii s 4 10b 107
An 1 s 4 7 b 71
a n 2 s 4 h i fad
2 ‘» 3 A 4 S 7 Art
ISrt 4 A 4 <17 4 /
1-i A A 4 2 4 121 At fa S 9 SI SI
M S it fa 9 2h a s
17-1 1 6 9 1U s i
on 2 fa 4 rtrt 40
7S S r» 4 i i 117n rt fa 4 irt frt
Ad n 7 9 /rt f S
on 1 7 9 7n A1
71 a 7 4 fart b 9
2h 3 7 4 17 19
T*l a 7 q 27 27
AS 0 A q s a AS
<1S I fa q s i 12
dh 2 a 4 trt IS
131 A rt i n S3 40
rt7 1 A M fan b l
90 2 0 10 I S 31
111 1 11 i n HU a i
114 rt ■1 i n Sfa Ab
1? A (1 10 Jf* Ifa
1 '1 b n l u i s IT
IN 7 n i n •10 42
1 rt 0 1 i n 11 rt 1 02
2 b A 2 12 m i n
rti, s 2 12 at 2 !
Ifa n 1 12 i i i n
17 1 1 12 4n rt4
PH ? S t ? t  a I S
24 H 1 t a rtt> Oh
SI 4 A 12 I S I S
22 0 rt I d t i n 12 0
34 1 0 12 39 37
A 2 rt 12 S ) 30
AA 1 a 12 b l b lfad A 5 t e 31 33
H N L Jl i f  ti i o f t H A L  IOFU MF C
1 1 t o 4« | b t i 2 h l u  no 37
a I i n i n n I t * 4 6 i n  a o i f1 I rt i a !S 1 7 11? M fad1 10 hp n l a  F 1 Cl 2 i 2 2
1 In 42 rtf t o i l  29 291 i n rtd rt 1 a  o n  74 / 9
1 t o S4 hr> i  U 11 147 ISO
a i n l i - * 1 So S 1< 1 1 h i h i
d 1 n 24 a s h u i a fa
a 10 rtrt «S " I n  | n f 1 07
a 1» fah *d 1 1 ! 1 h i h 4
a in SO Sn d i n  q<> o s
a l» 1 / 14 i  1 1 1  37 i sa 1 n SI *»a 4 1 1 1  i i Si
i i n TA n i fa 111  4fa 9*1
i in 71 t ! u a  i i  s n b /
i 10 00 i»2 i a  n  s o Srt
3 i n fa* h i d a  1 1 rt 7 49
s 10 29 ) n 3 a  u  s o Sfa
3 1 A / a 77 4 a  n  a 7 A91 10 A 1 UH a a i t  i h Ifa
d 1 II h i riN b a  I t  22 2 4
rt 1 l< 7 0 7 f « 3 I t  b« 97
i n I s a n l i u  S ? s a4 i n 71 72 2 i  11 ?«» 14
rt 10 31 31 3 5 11 24 27
S i «i 4 h « 3 11 30 41
b 1 ■> ?rt a n S i l l  AS Sfa
s 10 rt 7 Ufa n rt 11 72 fa4
s M 1«»7 l l i h 1 » 11 on fan
s I ii 5 / so 2  9 11 73 7 S
s 11* 1 fa Ifa i  4 i )  l o t M i
h 1 Ci S i So rt 4 u  2S 2 h
I d 3rt 3d S rt |  4 h
s 12 U 17 d a  H  rt9 Sn
s 12 34 JS o 1 1 1  Ifa 17
u 1 1 77 74 t i l l  i n ifa
u 13 3d f l a  i i s  on rtS
rt 1 1 2b 27 3 3 13 A3 S3
1 I 3 as i n u n i t  no 39
I 13 ? t 2 2 1 <* 13 ifa 3S1 1 i 24 50 a ( - i n  a t a n
I 1 S 72 7rt I 1 1 rt 3* 371 1 s CIS rtrt o a t o  i i 11
a 1 3 9d 4 2 i a i n  i n Ifa
l a I S Art Art
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0 --------- D(X)
T a b l e  A . 5 
H v d r o e e n  B o n d s
D----- 0 ( £ ) 0 1 1 l 0 >0
An g l  e 
O -D -0 {
0 i  _  _ D ----- o4 <I >* 1 . 8 4 ( 3 ) 0 . 8 5 ( 2 ) 2 . 6 8 2 ( 1 ) 1 7 2 ( 3 )
O4 "  -  " D----- °3 ( I I ) 1 . 7 3 ( 3 ) 0 . 9 5 ( 2 ) 2 . 6 8 1 ( 1 ) 1 8 0 ( 3 )
° 3  -  ~D °1 ( I I I ) 2 . 0 4 ( 3 ) 0 . 6 9 ( 2 ) 2 . 7 1 9 ( 1 ) 1 7 0 ( 4 )
0 5-  -  ----- o 6 ( IV) 1 . 9 8 ( 2 ) 0 . 9 5 ( 2 ) 2 . 8 6 9 ( 1 ) 1 5 4 ( 3 )
♦ H y d r o x y l  g r o u p s  i n symme t r y - r e l a t e d m o l e c u l e s  a r e  a s f o l l o w s :  ( I )
1
X + 1 ,  Y
- 2 , 1 -  1 / 2 ,  
2 .
- 2  - 3 / 2 ;  ( I I I )  X -  1 / 2 ,  - Y -  1 / 2 ,  - Z  - 2 ;  ( I V)  X + 1 / 2 ,  - Y
T a b l e  A . 5 :  H y d r o g e n  b o n d i n g  i n  c o mp o u n d  V I I I .
APPENDIX B
119
I n  o r d e r  t o  c a l c u l a t e  t h e  t h e r m a l  e l l i p s o i d  d i m e n s i o n s  
( r . m . s .  d i s p l a c e m e n t s  o f  a n  a t o m a l o n g  t h r e e  c a r t e s i a n  a x e s )  
p r o g r a m  T E AN A L ^ ^  w a s  w r i t t e n  b y  D r .  S . F .  W a t k i n s .  T h e  
p r o g r a m  u s e s ,  a s  i n p u t ,  t h e  u n i t  c e l l  d i m e n s i o n s  a n d  a n i s o ­
t r o p i c  p a r a m e t e r s .  R . m . s .  d i s p l a c e m e n t s  o f  a t o m s  a r e  
c a l c u l a t e d  i n  a d d i t i o n  t o  t h e  a n g l e s  b e t w e e n  t h e  p r i n c i p a l  
a x e s  a n d  l a t t i c e  o r  b o n d  v e c t o r s .
T h e s e  c a l c u l a t i o n s  w e r e  a p p l i e d  t o  t h e  t h e r m a l  e l l i p ­
s o i d s  o f  t h e  a v e r a g e  P t / N i  a t o m a n d  t o  t h e  t wo i n d e p e n d e n t  C 
a n d  N a t o m s  i n  B a [ P t Q  59  N i g  ^  ̂  ( CN) 4 1 . 4 ^  0 .  I t  wa s  h o p e d  
t h a t  t h e  e l l i p s o i d  d i m e n s i o n s  w o u l d  y i e l d  m o r e  d e f i n i t e  
i n f o r m a t i o n  a b o u t  d i s o r d e r  i n  t h i s  c o m p o u n d .
A c a r b o n  a t o m i n  a n  M(CN)^ g r o u p  i s  e x p e c t e d  t o  v i b r a t e  
s i g n i f i c a n t l y  mo r e  p e r p e n d i c u l a r  t o  t h e  M-C b o n d  d i r e c t i o n .  
The  mi n i mum d i s p l a c e m e n t  i s  e x p e c t e d  i n  t h e  M-C d i r e c t i o n .
I n s p e c t i o n  o f  t a b l e  B . l  a n d  B . 2  s h o w s  t h a t ,  i n  a l l  
c a s e s ,  t h e  l a r g e s t  d i s p l a c e m e n t  ( r - m a x . )  i s  n o t  e x a c t l y  
p e r p e n d i c u l a r  t o  t h e  p l a n e  o f  t h e  l i g a n d s .  At  t h e  same t i m e  
t h e  mi n i mum d i s p l a c e m e n t  ( r - m i n . )  i s  n o t  a l o n g  t h e  M-C b o n d .
The  f a c t  t h a t  t h e  mi n i mum d i s p l a c e m e n t  o f  t h e  C a n d  N 
a t o m s  i s  n o t  p a r a l l e l  t o  t h e  M-C b o n d  d i r e c t i o n  s u p p o r t s  t h e  
c o n j e c t u r e  o f  d i s o r d e r  o b s e r v e d  i n  c o mp o u n d  V I I .  H o w e v e r ,  i t  
i s  i m p r a c t i c a l  t o  t r y  t o  r e s o l v e  t h o s e  t h e r m a l  e l l i p s o i d s  
e a c h  i n t o  t wo p a r t i a l  a t o m s  b e c a u s e  o f  t h e  r e l a t i v e l y  s m a l l  
v a l u e s  o f  r - m i n .
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T a b l e  B . 1
At  on r - m i n .  ( A ) r - m i d  ( A )  r - m a x  ( A )
P t / N i 0 .1 1 9 0 . 1 3 1  0 . 1 5 8
C1 0 . 1 5 9 0 . 1 7 1  0 . 1 8 9
C2 0 . 1 4 4 0 . 1 7 0  0 . 1 8 4
N1 0 . 1 6 2 0 . 2 0 8  0 . 2 3 8
n 2
Atom
0 . 1 7 8 0 . 1 9 2  0 . 2 4 5  
T a b l e  B . 2
A n c l e  B e t w e e n
r - m i  n a n d  M-C r - m i d ,  M-C r —ma x
C1 55° 35° 92 0
C2 77° 26° 78<>
N1 146 0 7 6 ° 6 0 °
No 5 7 ° 2 9 ° 7 7 °
VITA
K h a l i l  A b d a l l a h  A b b o u d  v a s  b o r n  i n  R a s —B a a l b e k ,  L e b a n o n ,  
o n  N o v e m b e r  1 9 ,  1 9 5 3 .  He i s  t h e  f o u r t h  e l d e s t  o n e  o f  s i x  
c h i l d r e n  o f  B a h j a t  a n d  A b d a l l a h  A b b o u d .  He g r a d u a t e d  f r o m
A s h r a f i e h  H i g h  S c h o o l  i n  J u n e  1 9 7 1 . A f t e r  s t u d y i n g  f o r  one  
y e a r  i n  t h e  C o l l e g e  o f  S c i e n c e s  i n  t h e  L e b a n e s e  U n i v e r s i t y ,  
h e  t r a n s f e r r e d  t o  t h e  C o l l e g e  o f  P e d a g o g y  a n d  r e c e i v e d  h i s  
B a c h e l o r s  d e g r e e  i n  C h e m i s t r y  E d u c a t i o n  i n  1 9 7 7 .  He r e c e i v e d  
h i s  C . A . P . E . S .  i n  1 9 7 8 .  D u r i n g  1 9 7 9  h e  w a s  a p p o i n t e d  a s  
a s s i s t a n t  p r i n c i p l e  t o  A s h r a f i e h  H i g h  S c h o o l .
He b e g a n  h i s  g r a d u a t e  s t u d i e s  i n  1 9 8 0  a t  L o u i s i a n a  S t a t e  
U n i v e r s i t y  i n  B a t o n  R o u g e  a f t e r  h a v i n g  b e e n  a w a r d e d  a 
s c h o l a r s h i p  f r o m  t h e  L e b a n e s e  U n i v e r s i t y .  He i s  p r e s e n t l y  a
c a n d i d a t e  f o r  t h e  d e g r e e  o f  D o c t o r  o f  P h i l o s o p h y  i n  C h e m i s t r y .
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